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Abstract
The output subsystem collects data from a running microsimulation,
stores the data for future use, and manages the subsequent retrieval of
the data. It forms a layer separating the other subsystems from the
actual data files so that the other subsystems do not need to access the
data files at the physical level or dea with the physical location and
organization of thefiles. This subsystem also allows the user to specify
what data is collected and retrieved, and to filter it by space and time.
The collection occurs in a distributed manner such that the subsystem’s
impact on the microsimulation performance is minimized; the retrieval
provides a unified view of the distributed data.
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l. Introduction

The output subsystem collects data from a running microsimulation, stores the data for
future use, and manages the subsequent retrieval of the data. It forms a layer separating
the other subsystems from the actual data files so that the other subsystems do not need to
access the data files at the physica level or deal with the physical location and
organization of thefiles. Figure 1 shows the position of the simulation output subsystem
within the TRANSIMS software architecture. This subsystem only depends on the
database subsystem (strongly) and the network subsystem (weakly) and is not tied to the
specific design used for the IOC-1 microsimulation; this opens the possibility to reuse it
in other TRANSIM S traffic simulations.

Application Analyst
Toolbox
System
Simplified Interim Low Fidelity Input Output
HCAD Planner Microsimulator Editor Visualizer
High-le Isubsysym /\ %\
Pg@ﬂlﬁn G/:rig\:g{or Router MS;:J”. ?gg?ll)lgl Mic(r:oAsim. GIS Statistics Animation Plotting

Low-level subsystem \
Estatblishment Traveler Activity Plan Network Vehicle Simulation
Representation Representation Representation Representation Representation Representation Output

Database

Utility subsystem

Figure 1. Location of the simulation output subsystem in the TRANSIMS software
architecture.

This subsystem also allows the user to specify what datais collected and retrieved, and to
filter it by space and time. Users can configure the subsystem to collect a wide variety of
tragjectory, event, and summary data from the simulation. Figure 2 shows an example of
how data collection can be configured. The data can be accessed in binary format via a
direct connection to the subsystem or in a delimited-text format for off-line
postprocessing.
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Figure 2. Example of how data collection can befiltered by space and by time.

The subsystem has been put to a wide variety of uses in the first TRANSIMS case study.
Evolution data was used for animating vehicle movement, making periodic snapshots of
the traffic, understanding the traffic behavior induced by CA (celular automaton)
microsimulation rules, refining the driving logic, and deriving fundamental diagrams.
Event data has helped to locate problems with network data, driver logic, and plans, and
to record the entry and exit times of vehiclesin and out of the study area. Summary data
provided a means to animate vehicle densities, identify congestion and deadlocks, and
replan trips using observed link travel times.

The collection occurs in a distributed manner such that the impact of the subsystem on
the microsimulation performance is minimized: Although the simulation output
subsystem runs on multiple computational nodes (CPNs) during data collection, it does
not require any communication between the CPNs. This leaves the full communication
bandwidth available for use by the simulation proper. The retrieval, on the other hand,
provides a unified view of the distributed data by coordinating the retrieval of data from
remote file systems. Figure 3 illustrates the dual uses of the subsystem.
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Simulation
Output

Output
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Figure 3. Dual uses of the simulation output subsystem.

The body of this document outlines the design, implementation, and usage of the
subsystem. The appendices contain the complete C++ source code for the subsystem.

Il. Design
A. Concepts

1. Types of Data Collection

The output subsystem currently can collect three types of data: evolution (trgectory) data,
event data, and summary data. Any number of each of these may be collected
simultaneously in a simulation.

Evolution data provides the most detailed information about how the state of the
microsimulation evolves in time. The vehicle data for links consists of the location,
velocity, and status of each vehicle; this provides a complete “trajectory” for each vehicle
in the simulation. The vehicle data for intersections consists of the location of the vehicle
within the intersection buffer. The traffic control data simply reports the current phase
and allowed movements at the traffic control. Evolution data may be collected for each
time step; the data is not summarized (i.e., totaled or averaged) in any way.

Event data supplies information on exceptional conditions of vehicle status. Examples

include when a vehicle becomes lost (unable to follow its plan), when the plan for a
vehicle is invalid, and when the vehicle enters or exits the study area. Event data is
collected only when an event occurs.

Summary data reports aggregate data about the simulation. The link travel time data
consists of counts of vehicles exiting links and means and variances of the vehicle
traversal times for those links. Link density data provides counts and mean velocities of
vehicles in variably-sized boxes that partition links. Summary data is sampled and
reported periodically throughout the simulation.

LA-UR-97-1226 7



2. Filtering

The simulation output subsystem has the capability to collect data on any subset of nodes
and links in the road network (Figure 2). It is also possible to set the starting and ending
times within which data collection occurs (also Figure 2). A user can aso specify the
frequency of reporting for evolution and summary data and the sampling frequency (i.e.,
the frequency at which the data is observed) for summary data. The space and time
filtering can be different for each type of data.

B. Classes

The simulation output subsystem has classes containing domain knowledge and classes
forming a domain-independent data management layer (Figure 4). Figure 5, Figure 6, and
Figure 7, show the relationships between classes used for evolution, event, and summary
data collection, respectively; Figure 8 shows the relationships between classes used for

dataretrieval.

Domain Knowledge Layer

Interface to Simulation ¢ a

Metadata Specification

Storage Technology
Generic Data Filtering

Figured. Categoriesof classesin the TRANSIM S simulation output subsystem.

Data Management La
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Figure5. Classdiagram for the TRANSIM S simulation output subsystem classes involved
in evolution data collection (unified notation).

TOutVehicleObserver
|

TOutEventProcessor

TOutSto rag e
—

TOutObserver
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T
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Figure 6. Classdiagram for the TRANSIM S simulation output subsystem classes involved
in event data collection (unified notation).
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Figure7. Classdiagram for the TRANSIM S simulation output subsystem classes involved

in summary data collection (unified notation).

RWDBValue TOutTextWriter
1

n

1
TOutRecord |_ TOutWriter
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TOutGeneralSpecificationReader

TOutEventRetriever TOutRetriever |1
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Figure 8. Classdiagram for the TRANSIM S simulation output subsystem classes involved

in dataretrieval (unified notation).
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1. TOutDispatcher

An output dispatcher coordinates the construction of simulation output objects and
supervises the transfer of data. Each dispatcher has processors and observers; it also
remembers the factory it uses to construct objects.

enum ECbserver Type {kNodeEvol uti onObserver,
kLi nkEvol uti onCbserver, kVehicl eCbserver,
kl nt ersecti onQoserver,
kSi gnal Coor di nat or Evol uti onGbserver,
kSi gnal i zedCont r ol Qoserver, KkLi nkSpaceQbserver,
kLi nkTi meCbser ver}

Observer types.

TQut Di spat cher ( TQut Speci fi cati onReader & reader, TQutFactory&
factory)

Construct an output dispatcher.

bool operator==(const TOut Di spatcher& di spatcher) const
bool operator!=(const TQut D spatcher& di spatcher) const

Return whether two output dispatchers are the same.

voi d RecordQut put (REAL ti ne)
Begin output recording for this time step.

Processor Map& Get Processors()
const Processor Map& Get Processors() const

Return the processors.

observer Map& Get Cbservers()
const Cbserver Map& Get Gbservers() const

Return the observers.

Evol uti onProcessor Set & Get Evol uti onProcessors()
const Evol uti onProcessor Set & Get Evol uti onProcessors() const

Return the evolution processors.

Event Processor Set & Get Event Processors()
const Event Processor Set & Get Event Processors() const

Return the event processors.

Summar yPr ocessor Set & Get Sumar yPr ocessor s()

const Summar yProcessor Set & Get Summar yPr ocessors() const
Return the summary processors.

voi d Set NodeCbservers( TCQut Cbhserver: : Cbserver Map& observers)
Define the node observers.

voi d Set Li nkCbhservers(TCQut Cbserver:: Cbserver Map& observers)
Define the link observers.

LA-UR-97-1226 11



voi d Set Vehi cl eCbserver s( TOQut Cbserver: : Gbserver Map& observers)
Define the vehicle observers.

void Setlntersecti onQbservers(TCQut Cbserver: : Cbserver Map&
observers)

Define the intersection observers.

voi d Set Si ghal Coor di nat or Cbser ver s( TQut Qbserver: : Chserver Map&
observers)

Define the signal coordinator observers.

voi d Set Si gnhal i zedCont r ol Cbservers(TOQut Gbserver:: Chserver Map&
observers)

Define the signalized control observers.

voi d Set Li nkSpaceCbservers(TQut Chserver:: Chserver Map& observers)
Define the link space observers.

voi d Set Li nkTi meQbservers( TQut Cbserver: : Cbserver Map& observers)
Define the link time observers.

voi d C earLi nkSpaceCbservers(TQut Chserver:: Chserver Map&
observers)

Undefine the link space observers.

voi d O earLi nkTi meQoserver s( TQut Cbserver: : Cbserver Map& observers)
Undefine the link time observers.

2. TOutFactory
An output factory allocates and constructs new simulation output objects.

TQut Fact ory()
Construct afactory.

virtual TCQut Evol uti onProcessor*
NewEvol uti onProcessor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification)

Return anew evolution processor from the specification.

virtual TQut Event Processor* NewEvent Processor (Qut Processorld id,
const TOQut Gener al Specificati on& specification)

Return anew event processor from the specification.
virtual TQut Summar yProcessor* NewSunmar yProcessor (Qut Processorld

id, const TOQut General Specification& specification)
Return a new summary processor from the specification.

LA-UR-97-1226 12



rtual TQutLi nkEvol uti onQbserver*
NewLi nkEvol uti onCbserver (Qut Goserverld id)

Return a new link evolution observer.

\Y

vi rtual TQut Vehi cl eCbserver* NewVehi cl eObserver (Qut Cbserverld id)

Return a new vehicle observer.

rtual TOQut NodeEvol uti onCbserver*
NewNodeEvol uti onCbser ver (Qut Goserverld id)

Return a new node evolution observer.

\"

rtual TQutlntersecti onCbserver?*
Newl nt er secti onObserver (Qut Cbserverld id)

Return a new intersection observer.

\"

virtual TQut Si gnal Coor di nat or Evol uti onCbserver*
NewSi gnal Coor di nat or Evol uti onObser ver (Qut Qoserverld
i d)
Return anew signal coordinator evolution observer.

virtual TCQut SignalizedControl Coserver*
NewSi gnhal i zedCont r ol Cbserver (Qut Goserverld id)

Return anew signalized control observer.

virtual TQut Li nkSpaceCbserver* NewLi nkSpaceObserver (Qut Gbserverld
i d)
Return anew link space observer.

virtual TCQutLi nkTi meCbserver* NewLi nkTi meCbserver (Qut Gbserverld

id);
Return a new link time observer.

3. TOutGeneralSpecification

The general specification defines the frequency and extent of data to be collected or
retrieved in both space and time. Each specification has a root, a name, a minimum time,
a maximum time, a time step, a time sample, a box length, a collection region, a set of
node ids, and a set of link ids.

static const REAL kKM nusinfinity
static const REAL kPluslnfinity
Time constants.

TQut Gener al Speci fi cati on(TQut Gener al Speci fi cati onReader & reader)
Construct a general specification from areader.

const string& Get Root () const
Return the root for the specification.
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const string& Get Nane() const
Return the name for the specification.

bool Col | ect For Ti me( REAL tine) const
Return whether data should be collected for the specified time.

bool Sanpl eFor Ti ne( REAL tinme) const
Return whether data should be sampled at the specified time.

bool IsAtStartTi ne( REAL tinme) const
Return whether the specified timeis the start time.

REAL Get BoxLengt h() const
Return the box length.

bool Col | ect For Poi nt (const TGeoPoi nt & poi nt) const
Return whether data should be collected for the specified point in space.

bool Col | ect For Node( Net Nodel d id) const
Return whether data should be collected for the specified node.

bool Col | ect ForLi nk(NetLinkld id) const
Return whether data should be collected for the specified link.

4, TOutGeneralSpecificationReader

A general specification reader reads specifications from the database. Each general
specification reader has database table accessors for the specification and for node and
link tables.

enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSumar yPr ocessor}

Processor types.

TQut Gener al Speci fi cati onReader ( TQut Speci fi cati onReader & r eader)
Construct a general specification reader.

TNet Gener al Speci fi cati onReader (const
TNet Gener al Speci fi cati onReader & r eader)

Construct a copy of the given general specification reader.
TNet Gener al Speci fi cati onReader & oper at or =( const
TNet Gener al Speci fi cati onReader & r eader)
Make the reader a copy of the given general specification reader.

voi d Reset ()
Reset the iteration over the table.
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voi d Get Next Speci fication()
Get the next specification in the table.

bool MbreSpecifications() const
Return whether there are any more specifications in the table.

string GetRoot() const
Return the root of the specification.

string Get Nane() const
Return the name of the specification.

REAL Get M ni munmTi ne() const
Return the minimum time of the specification.

REAL Get Maxi munii ne() const
Return the maximum time of the specification.

REAL Get Ti neSt ep() const
Return the time step of the specification.

REAL Get Ti neSanpl e() const
Return the time sampling of the specification.

REAL Get BoxLengt h() const
Return the box length of the specification.

TGeoRect angl e Get Regi on() const
Return the geographic region of the specification.

Nodel dSet Get Nodes() const
Return the nodes in the specification.

Li nkl dSet Get Li nks() const
Return the links in the specification.

EPr ocessor Type Get Processor Type() const
Return the processor type in the specification. A TQut I nval i dProcessor
exception is thrown if the processor isnot avalid type.

5. TOutSpecificationReader

A specification reader reads an output specification from the database. Each reader has a
general specification table, a node specification table, and alink specification table.

TQut Speci fi cati onReader ( TDbTabl e gener al Tabl e, TDbTabl e

nodeTabl e, TDbTabl e |i nkTabl e)
Construct areader for the specified tables.
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TDbTabl e& Get Gener al Tabl e()
Return the general specification table.

TDbTabl e& Get NodeTabl e()
Return the node specification table.

TDbTabl e& Get Li nkTabl e()
Return the link specification table.

6. TOutProcessor

An output processor coordinates the processing of domain information into a domain-
independent representation that is filtered and summarized before storage. A processor
has an id and a general output specification; the class keeps track of next available
processor id.

enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSumrar yPr ocessor}

Processor types.

TQut Processor (Qut Processorld id, const TQut General Specification&
speci fication)
Construct a processor.

virtual EProcessor Type CGet Processor Type() const
Return the processor type.

virtual void RecordQutput (REAL timne)
Begin recording output for thistime.

Qut Processorld Getld()
const QutProcessorld Getld() const

Return the processor’s id.

static QutProcessorld GetNextld()
Return the next unused processor id.

TQut Gener al Speci ficati on& CGet General Specification ()
const TOQut Gener al Speci fi cati on& Get Gener al Speci fication() const

Return the general specification.

7. TOutEvolutionProcessor

An output evolution processor deals with evolving data such as that needed for animation,

waterfall plots, etc. An evolution processor has a node observer, a link observer, a

vehicle observer, an intersection observer, a signal coordinator observer, and a signalized
control observer, and is connected to corresponding storage objects.
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TQut Evol uti onProcessor (Qut Processorl d, const
TQut Gener al Speci ficati on& specification)

Construct an evolution processor.

EPr ocessor Type Get Processor Type() const
Return the processor type.

TQut Evol uti onSpeci ficati on& Get Evol uti onSpecification()
const TCQut Evol uti onSpeci ficati on& Get Evol uti onSpeci fi cation()
const

Return the evolution specification.

virtual void RecordQutput (REAL timne)

Begin recording output for this time step.

virtual void RecordNode()

Finish recording output for anode.

virtual void RecordLink()

Finish recording output for alink.

virtual void RecordVehicl e()

Finish recording output for avehicle.

virtual void Recordlntersection()

Finish recording output for an intersection.

virtual void RecordSi gnal Coordi nator ()

Finish recording output for asignal coordinator.

virtual void RecordSignalizedControl ()

Finish recording output for a signalized control.

TQut Cbserver & Get NodeCbser ver ()
const TQut Cbserver & Get NodeCbserver () const

Return the node observer.

voi d Set NodeCbserver ( TQut Cbserver & observer)
Define the node observer.

TQut Gbserver & Get Li nkCbserver ()
const TQut Qbserver & Get Li nkChserver () const
Return the link observer.

voi d Set Li nkCbserver ( TQut Qoser ver & observer)
Define the link observer.
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TQut Gbserver & Get Vehi cl eCbserver ()
const TOQut Qbserver & Get Vehi cl eCbserver () const

Return the vehicle observer.

voi d Set Vehi cl eCbserver ( TQut Goser ver & observer)
Define the vehicle observer.

TQut Cbserver & GetlntersectionCbserver ()
const TQut Cbserver & Getlntersecti onCoserver() const

Return the intersection observer.

void SetlntersectionCbhserver (TOQut Gbserver & observer)
Define the intersection observer.

TQut Gbserver & CGet Si gnal Coor di nat or Coser ver ()
const TQut Qbserver & Get Si gnal Coor di nat or Cbserver () const

Return the signal coordinator observer.

voi d Set Si gnal Coor di nat or Cbser ver ( TQut Cbser ver & observer)
Define the signal coordinator observer.

TQut Cbserver & Get Si gnal i zedCont r ol Cbserver ()
const TQut Cbserver & Get Si gnal i zedContr ol Coserver () const

Return the signalized control observer.

voi d Set Si gnal i zedContr ol Cbserver ( TQut Cbserver & observer)
Define the signalized control observer.

8. TOutEventProcessor

An output event processor deals with conditions occurring in the simulation such as
vehicle entry, vehicle exit, and lost vehicles. An event processor has a vehicle observer
and a vehicle status mask and is connected to a vehicle storage.

TQut Event Processor (Qut Processorld id, const
TQut Gener al Speci fication& specification, U NT
vehi cl eMask)

Construct an event processor.

EProcessor Type Get Processor Type() const
Return the processor type.

virtual void RecordQutput (REAL timne)
Begin recording output for this time step.

virtual void RecordVehi cl e()
Finish recording output for avehicle.
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TQut Gbserver & Get Vehi cl eCbserver ()
const TOQut Qbserver & Get Vehi cl eCbserver () const

Return the vehicle observer.

voi d Set Vehi cl eCbserver ( TQut Goser ver & observer)
Define the vehicle observer.

U NT Get Vehi cl eMask() const
Return the vehicle status mask.

9. TOutSummaryProcessor

An output summary processor collects statistics on the simulation. A summary processor
has space and time observers and is connected to corresponding storages.

TQut Summar yPr ocessor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification)

Construct a summary processor.

EPr ocessor Type Get Processor Type() const
Return the processor type.

virtual void RecordQutput (REAL tine)
Begin recording output for this time step.

virtual void RecordSpace(const TOut Qbserver & observer)
Finish recording output for link space data.

virtual void RecordTi ne(const TQut Cbserver & observer)
Finish recording output for link time data.

bserver Set & Get SpaceOoservers()
const (bserver Set & CGet SpaceCbservers() const

Return the space observers.

bserver Set & Get Ti neCbservers()

const CbserverSet & Get Ti neCbservers() const
Return the time observers.

voi d AddSpaceQbserver ( TQut Cbserver & observer)
Define a space observer.

voi d AddTi neCbserver ( TQut Cbserver & observer)
Define atime observer.

voi d RenpveSpaceOhserver ( TQut Cbserver & observer)
Undefine a space observer.
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voi d RenoveTi neCbserver ( TQut Coser ver & observer)
Undefine atime observer.

10.  TOutObserver

An observer converts data from the object to which it is attached into the generic form
understood by the output subsystem. An observer has an id and an output record. The
class keeps track of the next available observer id.

TQut Cbser ver (Qut bserverl d)
Construct an observer.

virtual void Cbserve(const voi d* object, const TQutProcessor&
processor)

An observer has an observe function for noting the values of data members of
interest in the observed object. This virtual function in the basic representation
must be overridden in the view.

Qut Cbserverld Getld()
const Qut Cbserverld Getld() const

Return the observer’s id.

TQut Recor d& Get Recor d()
const TOut Record& Get Record() const

Return the associated record.

static Qut Qbserverld GetNextld()
Return the next unused observer id.

void Set Ti me( REAL ti ne)
Define the record’s time.

11. TOutVehicleObserver
A vehicle observer observes data related to vehicles.

TQut Vehi cl eCbserver (Qut Cbserverld id)
Construct a vehicle observer.

void Set!ld(U NT vehicle)
Define the vehicle’s id.

voi d Set Li nk( Net Li nkld |ink)
Define the id of the link the vehicle is on.

voi d Set Lane( Net LaneNunber | ane)
Define the lane number the vehicle is on.

voi d Set Di st ance( REAL di st ance)
Define the vehicle’s distance from the node.
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voi d Set Node( Net Nodel d node)
Define the id of the node from which the distance is measured from.

voi d Set Vel ocity(REAL vel ocity)
Define the vehicle’s velocity.

voi d Set St at us(BYTE st at us)
Define the vehicle’s status.

12. TOutNodeEvolutionObserver
A node evolution observer observes evolving data related to nodes.

TQut NodeEvol uti onCbserver (Qut Chserverld id)
Construct a node evolution observer.

13.  TOutLinkEvolutionObserver
A link evolution observer observes evolving data related to links.

TQut Li nkEvol uti onCbserver (Qut Ghserverld id)
Construct a link evolution observer.

14.  TOutSignalCoordinatorEvolutionObserver

A signal coordinator evolution observer observes evolving data related to signal
coordinators.

TQut Si gnal Coor di nat or Evol uti onCbserver (Qut Cbserverld id)
Construct a signal coordinator evolution observer.

15. TOutSignalizedControlObserver
A signalized control observer observes data related to signals.

TQut Si gnal i zedCont r ol Cbserver (Qut Ghserverld id)
Construct a signalized control observer.

voi d Set Li nk( NetLinkld Iink)
Define the id of the link entering the intersection.

voi d Set Lane( Net LaneNunber | ane)
Define the lane number of the lane entering the intersection.

voi d Set Node( Net Nodel d node)
Define the id of the node associated with the intersection.

voi d Set Signal (TNet TrafficControl :: ETrafficControl state)
Define the current signal state.
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16. TOutIntersectionObserver
An intersection observer observes data rel ated to intersections.

TQut I ntersecti onQoserver (Qut Coserverld id)
Construct an intersection observer.

void Set!ld(U NT vehicle)
Define the vehicle’s id.

voi d Set Li nk( Net Li nkld |ink)
Define the id of the link the vehicle entered from.

voi d Set Lane( Net LaneNunber | ane)
Define the lane number the vehicle entered from.

voi d Set Node( Net Nodel d node)
Define the id of the node the intersection is associated with.

voi d Set Q ndex(BYTE i ndex)
Define the index of the vehicle’s position in the queue.

17.  TOutLinkSpaceObserver

A link space observer summarizes vehicle spatial data on a link. Each observer has a link
length, a box length, and box data.

TQut Li nkSpaceCbser ver (Qut Cbserverld id)
Construct a link space observer.

bool Islnitialized() const
Return whether the observer has been initialized.

voi d C ear BoxDat a()
Clear the box data for the observer.

voi d Set Li nk(NetLinkld id)
Set the link id.

voi d Set Node( Net Nodel d i d)
Set the departure node id.

voi d SetLengths(REAL |inkLength, REAL boxLength, REAL cell Length)
Set the link, box, and cell lengths.

voi d AddVehi cl e( REAL di stance, REAL vel ocity)
Add a vehicle.
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voi d Report Cbservati ons(TQut Processor & processor)
Report the observations to the specified processor.

18. TOutLinkTimeObserver

A link time observer records vehicle travel times on alink. Each link time observer has a
vehicle count, atotal of travel times, and atotal of travel time squares.

TQut Li nkTi meCbserver (Qut Goserverld id)
Construct alink time observer.

voi d AddVehi cl e( REAL ti ne)
Add avehicle.

void C earData()
Clear the datafor the observer.

voi d SetLi nk(NetLinkld id)
Set thelink id.

voi d Set Node( Net Nodel d id)
Set the departure node id.

voi d Report Cbservati ons(TQut Processor & processor)
Report the observations to the specified processor.

19. TOutRetriever

An output retriever acts as an interface to coordinate the retrieval of data stored in a
simulation. Each retriever has a general specification and may refer to a network.

virtual void Retrieve()
Perform the retrieval.

TQut Retri ever(const TQut General Speci fication& specification,
const TNet Net wor k* network = NULL)

Construct aretriever based on the given specification and network.

TQut Gener al Speci ficati on& Get Gener al Specification()
const TOQut Gener al Speci fi cati on& Get Gener al Speci fi cation() const

Return the genera specification.

const TNet Net wor k* Get Net wor k() const
Return the network, if any.

voi d BasicRetrieve(TQut St orage& storage, TQutWiter& witer, bool
sort, bool filter = TRUE)

Retrieve data from the specified storage and put it in the specified writer, sorting
it if indicated, and performing time and space filtering if indicated.
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20.  TOutEvolutionRetriever

An evolution retriever gets specific trgjectory data from storage and coordinates its
conversion and filtering. The retriever is connected to a vehicle storage, an intersection
storage, and asignal storage.

TQut Evol uti onRetri ever (const TQut St or age: : Host Set & hosts, const
TQut Gener al Speci fication& specification, const
TNet Net wor k* networ k = NULL)

Construct areader for the specified hosts, given specification, and network.

void Retrieve(TQutWiter& vehicleWiter, TQutWiteré&
intersectionWiter, TOQutWiter& signal Witer, bool
sort = TRUE)

Perform the retrieval on the specified writers.

21. TOutEventRetriever

An event retriever gets specific event data from storage and coordinates its conversion
and filtering. Theretriever is connected to a vehicle storage.

TQut Event Retri ever (const TQut St or age: : Host Set & host's, const
TQut Gener al Speci fication& specification, const
TNet Net wor k* network = NULL)

Construct areader for the specified hosts, given specification, and network.

void Retrieve(TQutWiter& vehicleWiter, bool sort = TRUE)
Perform the retrieval on the specified writers.

22.  TOutSummaryRetriever

An event retriever gets specific summary data from storage and coordinates its conversion
and filtering. The retriever is connected to a space storage and atime storage.

TOut Sumar yRet ri ever (const TQut St or age: : Host Set & hosts, const
TQut Gener al Speci fication& specification, const
TNet Net wor k* networ k = NULL)

Construct areader for the specified hosts, given specification, and network.

void Retrieve(TQutWiter& spaceWiter, TQutWiter& tineWiter,
bool sort = TRUE)

Perform the retrieval on the specified writers.

23. TOutWriter

An output writer provides an interface for the external writing of data from simulation
output. The exception TOut Wi t er Fai | ur e isthrown if an operation fails.

TQutWiter()
Construct awriter.
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virtual void Wite(const TQut Record& record)
virtual void Wite(const TQut Record& record, const
Fi el dCol | ecti on& fi el ds)

Write the specified record.

24. TOutTextWriter

A text writer puts simulation output data into a formatted text file. The exception
TQut Wi terFail ure isthrown if an operation fails. Each text writer is connected to a
file and has a delimiter. A text writer may have to include header information in its
output.

TQut Text Witer(const string& file, const string& delimter =
"\t", bool includeHeader = FALSE)

Open the specified file for writing, including the record header.

void Wite(const TQut Record& record)
void Wite(const TQut Record& record, const FieldCollection&
fields)

Write the specified record with fields in the given order.

25. TOutStorage

An output storage manages the distributed file system and isolates the rest of the
simulation output objects from the details of the physical storage. Member functions
throw the exception TQut St or ageFai | ur e when errors occur. The class has a local
host name. Each instance has a file suffix, a root location, a basic name, and a file on
each host.

static const |ong kBegin
static const |ong kEnd

Constants for seek positions.

enum Mode {kRead, kWite, kDelete}
Storage modes: Use read mode for opening existing files, write mode for creating
anew file, and delete mode for deleting existing files.

TQut St orage(const string& root, const string& nanme, Mdyde node =
kRead)

TQut St or age(const Host Set & hosts, const string& root, const
string& name, Mode node = kRead)

Connect the storage with the given root and basic name to the specified hosts.

const string& Get Root () const
Return the root name.

const string& GetNane() const
Return the basic name.
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Host Set Get Hosts() const

Return the host names.

Host Handl e Get Host Handl e(const string& host) const

| ong
| ong
| ong

bool
bool
bool

voi d
voi d
voi d

voi d
voi d
voi d

bool
bool
bool

voi d
voi d
voi d

bool
bool
bool

voi d

26.

Return the host handle.

Get O fset() const
Get O f set (Host Handl e host) const
Get O fset (const string& host) const

Return the current offset for the specified host file.

At End() const
At End( Host Handl e host) const
At End(const string& host) const

Return whether an end-of-file has occurred for the specified host file.

Seek(l ong position = kBegin)
Seek( Host Handl e host, |ong position = kBegin)
Seek(const string& host, long position = kBegin)

Position the specified host file to the given location.

Wite(const TQut Record& record)
W ite(Host Handl e host, const TOQut Record& record)
Wite(const string& host, const TQut Record& record)

Write the given record on the specified host.

Read( TQut Recor d& record)
Read(const string& host, TQut Record& record)
Read( Host Handl e host, TQut Record& record)

Read the given record on the specified host. Return whether a record was
available for reading.

Wit eHeader (const TOQut Recor d& record)
Wit eHeader (const string& host, const TQut Record& record)
Wit eHeader ( Host Handl e host, const TOut Record& record)

Write the given record header on the specified host.

ReadHeader ( TQut Recor d& record)
ReadHeader (const string& host, TQut Record& record)
ReadHeader (Host Handl e host, TQut Record& record)

Read the given record header on the specified host. Return whether a record was
available for reading.

Fl ush()
Flush any pending operations.

TOutRecord

This classis used for storing the values of a collection of fields. Each record has a field
map holding the current values of the fields.
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enum Type

{kNoType
kl nt,
kDoubl e,

Field types.

TQut Recor d()

Construct arecord.

kChar,
kUnsi gnedl nt ,

kString}

kUnsi gnedChar,
kLong,

kShort,
kUnsi gnedLong,

kUnsi gnedShort,
kFl oat

TQut Recor d(const TQut Record& record)
Make a copy of the given record.

TQut Recor d& oper at or=(const TQut Record& record)
Make the record a copy of the given record.

Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi
Set Fi

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

el d(const
el d( const
el d( const
el d( const
el d(const
el d( const
el d(const
el d( const
el d(const
el d( const
el d(const
el d( const

stri
stri
stri
stri
stri
stri
stri
stri
stri
stri
stri
stri

ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi

el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,

el d)

Set the value of the specified field.

Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi
Get Fi

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

el d( const
el d( const
el d( const
el d( const
el d(const
el d( const
el d(const
el d( const
el d(const
el d( const
el d( const

stri
stri
stri
stri
stri
stri
stri
stri
stri
stri
stri

ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi
ng& fi

el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,
el d,

Get the value of the specified field.

char val ue)

unsi gned char val ue)
short val ue)

unsi gned short val ue)
i nt val ue)

unsi gned int val ue)
| ong val ue)

unsi gned | ong val ue)
fl oat val ue)

doubl e val ue)

const string& val ue)

char & val ue) const

unsi gned char & val ue) const
short & val ue) const

unsi gned short & val ue) const
i nt & val ue) const

unsi gned inté& val ue) const
| ong& val ue) const

unsi gned | ong& val ue) const
fl oat & val ue) const
doubl e& val ue) const
string& val ue) const

Type Get Type(const string& field) const
Return the type of the specified field.

Fi el dVap&

const Fi el dvap& Get Map() const

Cet Map()

Return the map for the record.

Fiel dMaplterator Getlterator() const
Return an iterator for the record’s map.
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27. TOutException

An output exception signals the failure of a simulation output subsystem function. Each
exception has amessage. Figure 9 shows the hierarchy of exception classes.

TOutException

A\

TOutStorageFailure TOutWriterFailure TOutlnvalidProcessor

Figure 9. Exception hierarchy for the TRANSIM S simulation output subsystem (unified
notation).

TQut Exception(const string& nessage = "Sinul ation output error.")
Construct an exception with the specified message text.

TQut Excepti on(const TQut Excepti on& excepti on)
Construct a copy of the specified exception.

TQut Excepti on& oper at or =(const TQut Excepti on& excepti on)
Make the exception a copy of the specified exception.

const string& Get Message() const
Return the message text for the exception.

cl ass TQut St orageFail ure
This exception is thrown when a storage operation fails.

class TQutWiterFailure
This exception is thrown when awriter operation fails.

class TQutlnval i dProcessor
This exception is thrown when the processor typeisinvalid.

lll.  Implementation

A. C++ Libraries

The Booch Components [RW 94] provide C++ container classes that the simulation
output subsystem uses extensively. The DBtools.h++ [SL 95; Su 95] and Tools.h++ [Ke
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94] libraries provide platform-independent data type and file system support, respectively.
The subsystem also uses the standard C++ library [Pl 95], the standard C library [Pl 92],
and the POSIX library [Ga 95]. All of these libraries compile on a wide variety of
platforms (UNIX and otherwise).

B. File System

Although the simulation output subsystem runs on multiple computational nodes (CPNSs),
it stores output data locally (Figure 10) and thus does not require any communication
between the CPNs. A unified view of the data is provided during data retrieval by
accessing and collating the data on multiple remote disks (Figure 11).

ooooooooo Yy
S S CA Simulation "
o o Microsimulation data Output Disk #1
° ° (CPN#1) N————] (CPN#1) (local)
ooooooooo .
ooooooooo Yy
S S CA Simulation "
B - B Microsimulation data Output Disk #2
° ° (CPN #2) — (CPN #2) (local)
ooooooooo .
ooooooooo Y
S S CA Simulation "
s I ° Microsimulation data Output Disk #3
° ° (CPN #3) S (CPN #3) (local)
ooooooooo )

Figure 10. Simulation output subsystem configuration for simultaneous data collection on
multiple CPNs.

Yy
~—

Disk #1 | ~—10
(remote)

e

data Animation

data Statistics

Yy
f(—

Disk #2 || Simulation
N —
(remote) Output

~

data GIS

18zifensiA 1ndino

Disk #3 Ll .
(remote) data Plotting

Figure 11. Simulation output subsystem configuration for data retrieval from multiple
disks.

The local-storage/remote-retrieval  paradigm requires coordination between the
microsimulation software and the postprocessing software. The simplest way to
accomplish this is to have each CPN store data locally into a directory named “local” on
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each CPN—this will, of course, be a different physical disk for each CPN. Each of these
local directories is given a different NFS (network file system) name (typically the name
of the CPN) so that it can be accessed remotely. Figure 12 illustrates this scheme.
Several other workable arrangements are possible, however.

Disk #1

- | /transims/data/local

Y7,
zf%s/
"2

0%
Qfe/
remote (NFS-
mounted) names

local names

remote workstation
used for retrieval

Disk #2

- | /transims/data/local

CPN #2

Figure 12. Typical naming and NFS-mounting scheme for simulation output directories.

C. Integration into the Microsimulation

The simulation output subsystem must be integrated into the microsimulation by
subclassing the appropriate  processormrOut...Processor ) and observer
(TOut...Observer ) classes and by providing a subclass of TOutFactory for creating
instances of these subclasses. This mechanism alows a flexible, yet tight, coupling
between the two subsystems without requiring the simulation output subsystem to be
tailored to the specifics of the microsimulation. Figure 13 illustrates an example of how

this subclassing can be implemented.

TCAOutFactory ‘ TSimulationSlave ‘ ‘ TCAEvolution Processor TCALinkEv. Observer ~| TTransi
:4‘ I 1 I 1 I T
L 1 L 1 L 11 n

1

’_KL‘ ! V. i
TOutFactory I TOux 1 ! TOutEvolution Processor | TOutLink EvolutionObserver
N ——

TOutObserver
——

Figure 13. Example of subclassing smulation output classes in a simulation (unified
notation).
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IV. Usage

A. Specification Formats

This section describes the files that a user must currently prepare in order to use the
simulation output subsystem in conjunction with the CA microsimulation.

The general specification output tables describe the general characteristics of the output

that is to be collected during a CA run. These specifications are stored in the Oracle
database management system prior to running the CA, retrieved by the CA during
execution, and used to guide the simulation output subsystem’s collection and storage of
data.

Tables may be created in Oracle by using the database functions of the Input Editor.
Tables may also be created by using the database subsystem import utility, for which the
usage is:

I mport file

wheref i | e contains information and commands for the construction of one or more data
tables. Import prints a brief help message if invoked without a file. When constructing
new tables, it is recommended that, when possible, an existing table description file that
is similar to the desired new table description be copied and edited. This reduces the
chances for errors in the SQL statements in the file.

Three tables are currently used to provide the general specification for the simulation
output subsystem. Preparation of the files for each of these tables is described below.

1. Output Specification

The output specification table provides information about the time frame for collecting
data and where the data should be stored. Table 1 defines the format for this table. The
combination ofROOT andNAVE must be unique among multiple simultaneous users of the
subsystem, or else the output files will be overwritten. For example, evolutionary output
might be collected on each CPN for vehicle, intersection, and signal data; the files created
would be:

ROOT + “/local” + NAME + “.veh” + “.stg" for vehicle data
ROOT + “/local” + NAME + “.int” + “.stg” for intersection data
ROOT + “/local” + NAME + “.sig” + “.stg” for signal data

Typically, the directory ROOT + “/local” + NAME on each host is just a NFS
(network file system) link to the physical directory ROOT + hostname + NAME ; this
allows both local and global views of the output directories (see Figure 12). Note that the
output files must be deleted manually when they are no longer needed.
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Table 1. Format for the output specification data table (an “Output Specification” data
source in the database subsystem).

Field I nterpretation

ROOT The directory where the output should be written.
NAME The output file name.

PROCESSOR The type of processor:

e “Evolution”; an evolution processor.
* “Event”. an event processor.
e “Summary”. a summary processor.

TIMEMIN The first time (in seconds from simulation start) at which to collect data.
TIMEMAX The last time (in seconds from simulation start) at which to collect data.
TIMESTP The frequency (in seconds) at which to report data (i.e., write it to disk).
TIMESMP The frequency (in seconds) at which to accumulate sample data.
BOXLEN The length of the boxes used for summary data.

ABSCISSAMN The minimum abscissa for which to collect data (currently ignored).
ABSCISSAMX The maximum abscissa for which to collect data (currently ignored).
ORDINATEMN The minimum ordinate for which to collect data (currently ignored).
ORDINATEMX The maximum ordinate for which to collect data (currently ignored).

An example output specification file is reproduced here:

Benchmark 1 (1 sq. mi.) CQutput Spec. Il 1
This is a sanple output specification table. 2
OUTSPECBENCH111 | 3
Qut put Speci fication 4
CREATE TABLE OUTSPECBENCHL11I1 ( 5
PROCESSCOR VARCHAR( 25) , 6
ROOT VARCHAR(50), 7
NAMVE VARCHAR(50), 8
TI MEM N NUMBER( 10) , 9
TI MEMAX NUMBER( 10) , 10
TI MESTP NUMBER( 10) , 11
TI MESMP NUMBER( 10) , 12
BOXLEN NUMBER( 10), 13
ABSClI SSAM N FLQOAT, 14
ABSCl SSAMAX FLQOAT, 15
ORDI NATEM N FLOAT, 16
ORDI NATEMAX FLOAT, 17
PRI MARY KEY ( NANVE) 18
) 19
PROCESSOR, ROOT, NAME, TIMEM N, TI MEMAX, TIMESTP, TI MESMP, BOXLEN,
ABSClI SSAM N, ABSCI SSAMAX, ORDI NATEM N, ORDI NATEMAX 20
"Evolution’, '/transins/outputd4’, 'bnl_evolution_1', 0, 36000,
300, 0, O, O, 3000, O, 3000 21
"Sunmmary’, '/transinms/outputd4’, 'bnl _summary_1', 0, 36000, 180,
10, 150, 0O, 3000, 0O, 3000 22
"Summary’, '/transinms/outputd4’, 'bnl_summary_2', 0, 36000, 300,
60, 50, 0, 3000, 0O, 3000 23
"Event’, ’'/transims/output4’, 'bnl_event_1', 0, 36000, 1, 1, 1, O,
3000, 0O, 3000 24

The first line of the file is the unique table name, with no more than 50 characters. The
second line is a comment describing the table. Line 3 is a unique SQL table name. Line
4 is the data source name. Line 5 begins the SQL command for creating the table with
the name specified in line 3. This command continues for fourteen additional lines and is
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terminated with a closing parenthesis and a semicolon. Line 20 names the columns
whose values are specified in the same order and delimited by commas on lines 21
through 24. One type of evolution data, two types of summary data, and one type of
event data are specified for collection.

2. Output Node Specification

The output node specification table is used to specify the nodes at which data should be
collected. Table 2 defines the format for thistable. Until geographic filtering is supported
thisis the only way to indicate the nodes for which data collection occurs.

Table 2. Format for the output node specification data table (an “Output Node
Specification” data source in the database subsystem).

Field | nterpretation
NAME The output file name
NODE The nodeid.

An example output node specification file is reproduced here:

Benchmark 1 (1 sq. m.) Qutput Node Spec. Il 1
This is a sanple output node specification table. 2
OUTNODEBENCH111 | 3
Qut put Node Specification 4
CREATE TABLE OUTNODEBENCH11I1 ( 5

NAMVE VARCHAR(50), 6

NODE NUMBER( 10), 7

PRI MARY KEY ( NAME, NODE) 8
) 9
NAVE, NODE 10
"bnl_evolution_1', 40006 11
"bnl_evolution_1',1793 12
"bnl evolution_1', 1808 13
"bnl_evolution_1', 2413 14
"bnl_evolution_1', 2423 15
"bnl_summary_2', 2423 16
"bnl_sunmmary_2', 2424 17

The first line of the file is the unique table name, with no more than 50 characters. The
second line is a comment describing the table. Line 3 isaunique SQL table name. Line
4 is the data source name. Line 5 begins the SQL command for creating the table with
the name specified in line 3. This command continues for four additional lines.
Line 10 names the columns whose values are specified on lines 11 and following.
Evolution datais collected on five nodes and summary data on two nodes.

3. Output Link Specification

The output link specification table is used to specify the links at which data should be
collected. Table 3 defines the format for this table. Until geographic filtering is
supported thisis the only way to indicate the links for which data collection occurs.
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Table 3. Format for the output link specification data table (an “Output Link
Specification” data source in the database subsystem).

Field I nterpretation
NAME The output file name
LINK Thelink id.

An example output link specification file is reproduced here:

Benchmark 1 (1 sq. mi.) CQutput Link Spec. II 1
This is a sanple output |link specification table. 2
OUTLI NKBENCH111 | 3
Qut put Link Specification 4
CREATE TABLE OUTLI NKBENCH11I1 ( 5

NAME VARCHAR(50), 6

L1 NK NUMBER( 10) , 7

PRI MARY KEY ( NAME, LI NK) 8
); 9
NAME, LI NK 10
"bnl_summary_1', 11150000 11
"bnl summary_1', 11140001 12
"bnl_summary_1', 8830507 13
"bnl_event 1', 8830507 14
"bnl event 1',8810509 15
"bnl_event 1', 8811002 16

The first line of the file is the unique table name, with no more than 50 characters. The
second line is a comment describing the table. Line 3 is a unique SQL table name. Line
4 is the data source name. Line 5 begins the SQL command for creating the table with
the name specified in line 3. This command continues for four additional lines. Line 10
names the variables whose values are specified on lines 11 and following. Summary data
Is collected on three links and event data on three links.

B. Data Retrieval

The binary output stored in a distributed manner by the microsimulation is generally
postprocessed to collect it into asingle location. The DumpStorage utility may be used to
postprocess the output into atext format for display or analysis. The usageis:

DumpStorage outname root name hosts...
where out nane is the destination file name, r oot is the root directory for the host

subdirectories, nare isthe name of the storage file, and hosts... are the host subdirectory
names. For example,

DunpStorage bnl summary_ 1.txt /transins/output4 bnl summary 1.tim
bach faure sousa

collates the data from the files

/transi ms/ out put 4/ bach/ bnl_sunmmary_1.timstg
/transi ms/ out put4/faure/bnl summary 1.timstg
/transi ms/ out put 4/ sousa/ bnl summary_1.timstg

into thefile
./bnl_sunmary_1.txt
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in atab-delimited ASCII text format.

C. Output Formats

1. Evolution Data

Vehicle evolution data files have the storage file suffix . veh. stg. Table 4 lists the
fields present in such files; each record in the file represent a single vehicle. The data
reporting start time, finish time, and reporting frequency are given by the output
specification. The output specification also determines on which links the data is
collected.

Table4. Dataformat for vehicle evolution storage (. veh. st g) files.

Field | nterpretation

VEHICLE The vehicleid.

NODE The node the vehicle was traveling away from.

LINK The link the vehicle was traveling on.

LANE The lane the vehicle was traveling on.

TIME The time the data was taken (in seconds from simulation start).
DISTANCE The distance (in meters) the vehicle was away from the node setback.
VELOCITY The velocity (in meters per second) the vehicle was traveling.
STATUS The vehicle status bits.

» 1 Thevehicleislost.

* 2 Thevehicleisat adead end.

e 4: Thevehicle hasjust entered the study area.
e 8 Thevehicle hasjust exited the study area.
e 16: Thevehicleisin the study area.

e 32: Thevehiclehasaninvalid plan.

Intersection evolution data files have the storage file suffix . i nt. st g. Table 5 lists the
fields present in such files; each record in the file represents a single vehicle. The data
reporting start time, finish time, and reporting frequency are given by the output
specification. The output specification also determines on which nodes the data is
collected.

Table5. Dataformat for intersection evolution storage (. i nt . st g) files.

Field | nterpretation

VEHICLE Thevehicleid.

NODE The node where the vehicleis located.

TIME The time the data was taken (in seconds from simulation start).
LINK The link the vehicle entered from.

LANE The lane the vehicle entered from.

QINDEX The vehicle position in the queue.

Signal evolution data files have the storage files suffix . si g. st g. Table6 liststhe fields
present in such files; each record in the file represents an incoming lane at an intersection.
The data reporting start time, finish time, and reporting frequency are given by the output
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specification. The output specification also determines on which nodes the data is
collected.

Table6. Dataformat for signal evolution storage (. si g. st g) files.

Field | nterpretation
NODE The node where the signal is located.
TIME The time the data was taken (in seconds from simulation start).
LINK The link entering the signal.
LANE The lane entering the signal.
SIGNAL The type of control present:

* 0:None.

* 1: Stop.

e 2 Yield.

* 3 Wait.

e 4 Caution.

* 5 Permitted.

*  6: Protected.

2. Event Data

Vehicle event data files have the storage file suffix . veh. st g. Table 7 lists the fields
present in such files; each record in the file represents a single vehicle event. The data
reporting start time, finish time, and reporting frequency are given by the output
specification. This data is collected for all links—i.e., the output link specification is
ignored.

Table7. Dataformat for vehicle event storage (. veh. st g) files.

Field | nterpretation

VEHICLE The vehicleid.

NODE The node the vehicle was traveling away from.

LINK The link the vehicle was traveling on.

LANE The lane the vehicle was traveling on.

TIME The time the data was taken (in seconds from simulation start).
DISTANCE The distance (in meters) the vehicle was away from the node setback.
VELOCITY The velocity (in meters per second) the vehicle was traveling.
STATUS The vehicle status bits.

» 1 Thevehicleislost.

» 2 Thevehicleisat adead end.

* 4: Thevehicle hasjust entered the study area.
e 8 Thevehicle hasjust exited the study area.
e 16: Thevehicleisinthe study area.

e 32: Thevehiclehasaninvalid plan.

3. Summary Data

Link space summary data files have the storage file suffpa. st g. Table 8 lists the

fields present in such files; each record in the file represents the summary for a single box
on a link. If there is a short box, it is at the beginning of the link. The beginning distance
of the box, which is not written in the file, is the ending distance of the box minus the box

LA-UR-97-1226 36



size. The datareporting start time, finish time, the sampling frequency, the data reporting
frequency, and the box size are given by the output specification. The output specification
also determines on which links the data is collected. Note that no data is reported at the
reporting start time. Also, there may be two entries for links that are split by a CPN
boundary; when this happens, it is necessary to add the respective COUNT and SUMentries
for the duplicate box records.

Table 8. Dataformat for link space summary storage (. spa. st g) files.

Field I nterpretation

LINK The link being reported.

NODE The node from which vehicles were traveling.

DISTANCE The ending distance of the box (in meters) from the node setback.
TIME The time the data was taken (in seconds from simulation start).
COUNT The number of vehiclesin the box.

SUM The sum of the vehicle velocities (in meters per second) in the box.

Link time summary data files have the storage file suffix . ti m st g. Table 9 lists the
fields present in such files; each record in the file represents the summary for a single
direction of alink. The data reporting start time, finish time, and reporting frequency are
given by the output specification. The output specification also determines on which
links the datais collected. Note that no data is reported at the reporting start time. Also,
there may be two entries for links that are split by a CPN boundary; when this happens, it
IS necessary to add the respective COUNT, SUM and SUMSQUARES entries for the duplicate
link records.

Table9. Dataformat for link timesummary storage (. t i m st g) files.

Field | nterpretation

LINK The link being reported.

NODE The node from which vehicles were traveling.

TIME The time the data was taken (in seconds from simulation start).

COUNT The number of vehicles leaving the link.

SUM The sum of the vehicle travel times (in seconds) for vehicles leaving the link.
The time spent in the previous intersection isincluded in this value.

SUMSQUARES The sum of the vehicle travel time sguares (in seconds squared) for vehicles
leaving the link. The time spent in the previous intersection is included in this
value.

D. Example of Retrieval Using C++

The following example shows how to access and retrieve evolution data using C++ calls
to the simulation output subsystem.

Il  Create a character buffer for lines from standard input.

char 1ine[1000];

Il Cet the file name for the vehicle text output file.
cin.getline(line, 1000);
TQutWiter* vehicleWiter = new TQut TextWiter(line, "\t", TRUE);
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/1 Get the file nane for the output text files.

cin.getline(line, 1000);

TQutWiter* intersectionWiter = new TOQut TextWiter(line, "\t",
TRUE) ;

cin.getline(line, 1000);

TQutWiter* signal Witer = new TQut Text Witer(line, "\t", TRUE)

TDbDi rectory directory(TDbDirectoryDescription("I0OC1"));

/1 Open the data sources.
TDbSour ce gener al Sour ce(directory,
directory. Get Source("Qut put Specification"));
TDbSour ce nodeSour ce(directory,
di rectory. Get Sour ce("Qut put Node Specification"));
TDbSource |inkSource(directory,
directory. Get Source("Qut put Link Specification"));

/'l  Get the data table names and open the data tables.
cin.getline(line, 1000);
TDbTabl e gener al Tabl e( gener al Sour ce,
gener al Sour ce. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e nodeTabl e( nodeSour ce, nodeSource. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e i nkTabl e(li nkSource, |inkSource. GetTabl e(line));

/1 Create the specification

TQut Gener al Speci fi cati onReader
reader ( TOQut Speci fi cati onReader ( gener al Tabl e,
nodeTabl e, |inkTable));

reader. Reset () ;

/Il CGet the set of hosts.

TQut St or age: : Host Set host s(HashVal ue) ;

for (cin.getline(line, 1000); !cin.eof(); cin.getline(line, 1000))
hosts. Add(Ii ne);

I/l Create the retriever.
TQut Evol utionRetriever retriever(hosts,
TQut Gener al Speci fication(reader));

/'l Retrieve the data
retriever.Retrieve(*vehicleWiter, *intersecti onWiter,
*signal Witer, hosts.Extent() > 1);

/1l Destroy the witers.
del ete vehicleWiter;

del ete intersectionWiter;
del ete signal Witer;

E. Notes

1. Database Setup

The CreateSources utility must be executed before the first use of the simulation output
subsystem. This application registers the data sources in the database subsystem.
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2. Empty Storage Files

The present implementation of the TOut...Retriever  classes cannot handle input files of
zero length. If no datais collected on a CPN, it is advisable to delete the empty storage
file(s) created for that CPN.

V. Future Work

Future work planned for the TRANSIMS simulation output subsystem will focus on

several areas:

» collecting new types of data such as turn counts, fundamental diagrams, and velocity-
acceleration histograms,

* enhancing the performance of the subsystem by supporting data compression,
indexing, sorting, and filtering,

* improving the DumpStorage utility to provide more flexibility in exporting data, and

» ¢eiminating the dependence on commercial products such as DBtools.h++ and
Tools.h++.
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VIl. APPENDIX: Booch Notation Diagrams

Figure 14, Figure 15, Figure 16, and Figure 17 repeat the class diagrams of Figure 5,
Figure 6, Figure 7, and Figure 8; Figure 18 repeats the exception hierarchy of Figure 9;
and Figure 19 repeats the example of Figure 13 using Booch notation.
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Figure 14. Classdiagram for the TRANSIM S simulation output subsystem classes involved

in evolution data collection (Booch notation).
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Figure15. Classdiagram for the TRANSIM S simulation output subsystem classes involved

in event data collection (Booch notation).
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Figure 16. Classdiagram for the TRANSIM S simulation output subsystem classes involved

in summary data collection (Booch notation).
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Figure 18. Exception hierarchy for the TRANSIMS simulation output subsystem (Booch
notation).
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Figure 19. Example of subclassing simulation output classes in a simulation (Booch

notation).

VIll. APPENDIX: Source Code

This appendix contains the complete C++ source code for the simulation output

subsystem classes.

A. TOutDispatcher Class

1. Dispatcher.h

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: Dispatcher.h,v $
$Revision: 0.5 $

$Date: 1996/06/19 17:07:17 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i f ndef TRANSI MS_OUT_DI SPATCHER
#def i ne TRANSI M5_OUT_DI SPATCHER

/'l Include TRANSI M5 header files.
#i ncl ude "GBL/d obal s. h"

#i ncl ude "QUT/ 1 d. h"

#i ncl ude "QUT/ Qbserver. h"

/1 1nclude Booch Conponents header files.
#i ncl ude "BCStoreM h"

#i ncl ude "BCMapU. h"

#i ncl ude "BCSet U. h"

/1l Forward decl arations.

cl ass TQut Processor;

class TQut Factory;

cl ass TQut Speci fi cati onReader;
cl ass TQut Evol uti onProcessor;
cl ass TQut Event Processor;

cl ass TQut Summar yPr ocessor;

/1 An output dispatcher coordinates the construction of simulation output
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/1 objects and supervises the transfer of data.
class TQut Di spat cher

public:

/1 Type definitions.

typedef BC_TUnboundedMap<Cut Processorld, TCQutProcessor*, 10U, BC_CManaged>
Pr ocessor Map;

typedef BC_TMapActi vel terator<QutProcessorld, TCQutProcessor*>
Processor Maplterator;

typedef BC_TUnboundedMap<Cut Cbserverld, TCQutCbserver*, 10U, BC_CManaged>
Qoser ver Map;

typedef BC_TMapActi vel terator<CQut Coserverld, TCQut Cbserver*>
oserver Mapl terator;

t ypedef BC_TUnboundedSet <TCut Evol uti onProcessor*, 10U, BC_CManaged>
Evol uti onProcessor Set ;

typedef BC_TSet Acti vel terator<TCQut Evol uti onProcessor *>
Evol uti onProcessor Set |t erat or;

t ypedef BC_TUnboundedSet <TCut Event Processor*, 10U, BC_CManaged>
Event Processor Set

typedef BC_TSet Acti vel t erator <TQut Event Processor *>
Event Processor Set | t er at or;

t ypedef BC_TUnboundedSet <TCut Summar yProcessor*, 10U, BC_CManaged>
Sunmar yPr ocessor Set ;

typedef BC_TSet Acti vel t erat or <TQut Sunmar yPr ocessor *>
Sunmar yProcessor Set | t erat or;

/'l Qbserver types.

enum Ebser ver Type {kNodeEvol uti onCbserver, kLinkEvol uti onCbserver,
kVehi cl eCbserver, klntersectionCbserver,
kSi gnal Coor di nat or Evol uti onObserver, KkSignalizedControl Qbserver,
kLi nkSpaceCbserver, kLinkTi neCbserver};

/1 Construct an output dispatcher.
TCQut Di spat cher ( TQut Speci fi cati onReader & reader, TOQutFactory& factory);

/1 Destruct an output dispatcher.
~TQut Di spat cher () ;

/1 Return whether two output dispatchers are the sane.
bool operator==(const TCut D spatcher & di spatcher) const;
bool operator!=(const TCQutDi spatcher& di spatcher) const;

/1 Begin output recording for this tine step.
voi d RecordQut put (REAL tine);

/1  Return the processors.
Processor Map& Get Processors();
const Processor Map& Get Processors() const;

/1 Return the observers.
bserver Map& Get Cbservers();
const Observer Map& Get Cbservers() const;

// Return the evolution processors.
Evol uti onProcessor Set & Get Evol uti onProcessors();
const Evol uti onProcessor Set & Get Evol uti onProcessors() const;

//  Return the event processors.

Event Processor Set & Get Event Processors();

const Event Processor Set & Get Event Processors() const;

//  Return the summary processors.

Summar yPr ocessor Set & Get Sunmar yPr ocessors() ;

const SummaryProcessor Set & Get Sunmar yProcessors() const;

/1 Define the node observers.
voi d Set NodeCbservers(TQut Coserver:: Cbserver Map& observers);

/1 Define the link observers.
voi d SetLi nkQbservers(TQut Cbserver:: Gbserver Map& observers);

/1 Define the vehicle observers.
voi d Set Vehi cl eCbservers(TQut Coserver:: Cbserver Map& observers);

/1 Define the intersection observers.
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voi d Setlntersecti onQbservers(TCQut Coserver:: Coserver Map& observers);

/1 Define the signal coordinator observers.
voi d Set Si gnal Coor di nat or Gbser ver s( TQut Cbser ver: : Gbserver Map& observers);

/1 Define the signalized control observers.
voi d Set Si gnal i zedControl Gbservers(TQut Coserver:: Cbserver Map& observers);

/1 Define the |link space observers.
voi d SetLi nkSpaceObserver s( TQut Qoserver: : Cbserver Map& observers);

/1 Define the link time observers.
voi d Set Li nkTi meCbservers(TCQut Cbserver: : Cbserver Map& observers);

/1 Undefine the |link space observers.
voi d O earLi nkSpaceQbser ver s( TOQut Cbserver: : Gbserver Map& observers);

/1 Undefine the link time observers.
voi d d earLi nkTi meCoservers( TQut Gbserver: : Cbserver Map& observers);

private:

/1 Do not allow dispatchers to be copied.
TCQut Di spat cher (const TQut Di spat cher&) {}

// Do not allow dispatchers to be assigned.
TCQut D spat cher & operator=(const TQutD spatcher& {return *this;}

/1 Each dispatcher has a processor nap.
Processor Map f Processors;

// Each dispatcher has an observer map.
Observer Map f Qbservers;

/1 Each dispatcher has evol ution processors.
Evol uti onProcessor Set fEvol uti onProcessors;

/1 Each dispatcher has event processors.
Event Processor Set f Event Processors;

/1 Each dispatcher has summary processors.
Sunmmar yPr ocessor Set f Sunmar yProcessors;

/1 Each dispatcher renmenbers the factor it uses.
TCQut Factory* fFactory;

#endi f // TRANSI M5_OUT_DI SPATCHER

2. Dispatcher.C

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Dispatcher.C v $
$Revision: 0.5 $

$Date: 1996/06/19 17:06:25 $
$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e~ — e~~~ —
~ e~~~ e~~~ —

/1 Include TRANSI M5 header files.

#i ncl ude "QUT/ Di spat cher. h"

#i ncl ude " QUT/ Processor. h"

#i ncl ude "QUT/ Factory. h"

#i ncl ude " QUT/ Excepti on. h"

#i ncl ude " QUT/ Evol uti onProcessor. h"

#i ncl ude " QUT/ Event Processor. h"

#i ncl ude " QUT/ Sunmar yProcessor. h"

#i ncl ude " QUT/ Li nkEvol uti onCbserver. h"
#i ncl ude " QUT/ Vehi cl eCoserver. h"

#i ncl ude " QUT/ NodeEvol uti onCoserver. h"
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#i ncl ude "QUT/ I ntersecti onCbserver. h"

#i ncl ude "QUT/ Si gnal Coor di nat or Evol ut i onCbserver. h"
#i ncl ude "QUT/ Si gnal i zedCont r ol Cbser ver . h"

#i ncl ude " QUT/ Li nkSpaceCbserver. h"

#i ncl ude "QUT/ Li nkTi neCbser ver . h"

#i ncl ude " CA/ CAQut Factory. h"

/1 Define the hash function for processor naps.
static BC_ I ndex Processorl dHashVal ue(const QutProcessorld& id)

{
return BC_ I ndex(id);

/1 Define the hash function for observer maps.
static BC_| ndex Observerl dHashVal ue(const Qut Gbserverl d& id)

{
return BC_| ndex(id);

/1 Define the hash function for evol ution processor sets.
static BC_ I ndex Evol utionProcessorHashVal ue( TQut Evol uti onProcessor* const & proc)

return BC_|I ndex(proc->CGetld());

/1 Define the hash function for event processor sets.
static BC_| ndex Event ProcessorHashVal ue( TQut Event Processor* const & proc)

return BC_| ndex(proc->Getld());

/1 Define the hash function for sunmary processor sets.
static BC_|I ndex SummaryProcessorHashVal ue( TOut Summar yProcessor* const & proc)

return BC_ | ndex(proc->CGetld());

/1 Construct an output dispatcher.
TCQut Di spat cher: : TQut Di spat cher ( TQut Speci fi cati onReader & reader, TCQut Factory&
factory)
f Processor s(Processor| dHashVal ue),
f Cbservers(Qbserver | dHashVal ue),
f Evol uti onProcessor s( Evol uti onProcessor HashVal ue) ,
f Event Processor s( Event Processor HashVal ue),
f Sunmmar yPr ocessor s( Sunmar yPr ocessor HashVal ue) ,
f Fact ory(&f actory)

TQut Gener al Speci fi cati onReader genReader (reader);
for (genReader. Reset(); genReader. MreSpecifications();
genReader . Get Next Speci fication()) {

i f (genReader. Get Processor Type() ==
TQut Gener al Speci fi cati onReader: : kEvol uti onProcessor) {

TCQut Evol uti onProcessor* proc =
factory. NewEvol uti onProcessor ( TQut Processor:: Get Next I d(),
TQut Gener al Speci fi cati on(genReader));

f Processors. Bi nd(proc->Cetld(), proc);

f Evol uti onProcessors. Add(proc);

Qut Cbserverld oid;
oi d = kLi nkEvol uti onCbserver;
if (fCbservers.|sBound(oid) == 0) {
TQut Li nkEvol uti onCbserver* obs =
factory. NewLi nkEvol uti onQoserver (0id);
f Gbservers. Bi nd(obs->Cet1d(), obs);

}
proc->Set Li nkCbser ver (**f Cbservers. Val ueO (oi d));

oid = kVehi cl eCbserver;
if (fObservers.|sBound(oid) == 0) {
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TCQut Vehi cl eCbserver* obs = factory. Newehi cl eCboserver (oid);
f Cbservers. Bi nd(obs->Getld(), obs);

proc- >Set Vehi cl eCbserver (**f Gbservers. Val ueX (oi d));
oi d = kNodeEvol uti onCoserver;
if (fCbservers.|sBound(oid) == 0) {
TQut NodeEvol uti onCoserver* obs =
factory. NewNodeEvol uti onQoserver (0i d);
f Gbservers. Bi nd(obs->Get1d(), obs);

}
pr oc- >Set NodeCbser ver (**f Cbservers. Val ueC (oi d));
oid = klntersectionCObserver;
if (fObservers.|sBound(oid) == 0) {
TQut I ntersecti onCbserver* obs =
factory. New ntersecti onCoserver (oid);
f Cbservers. Bi nd(obs->Getld(), obs);

proc->Set | ntersecti onOQoserver (**f Cbservers. Val ue (oid));
oi d = kSi gnal Coordi nat or Evol uti onCbser ver;
if (fCbservers.|sBound(oid) == 0) {
TCut Si gnal Coor di nat or Evol uti onCbserver* obs =
factory. NewSi gnal Coor di nat or Evol uti onCbser ver (0i d);
f Cbservers. Bi nd(obs->Getld(), obs);

proc->Set Si gnal Coor di nat or Cbserver (**f Cbservers. Val ue (oid));
oid = kSi gnal i zedControl Cbserver;
if (fCbservers.|sBound(oid) == 0)
TQut Si gnal i zedContr ol Cbserver* obs =
factory. NewSi gnal i zedCont r ol Coserver (oi d);
f Cbservers. Bi nd(obs->Getld(), obs);

}
proc->Set Si gnal i zedCont r ol Cbserver (**f Cbservers. Val ue (oid));

} else if (genReader. GetProcessorType() ==
TQut Gener al Speci fi cati onReader: : kEvent Processor) {

TCQut Event Processor* proc =
factory. NewEvent Processor ( TQut Processor:: Get Next 1 d(),
TQut Gener al Speci fication(genReader));

f Processors. Bi nd(proc->Getld(), proc);

f Event Processors. Add( proc);

Qut Cbserverld oid;

oid = kVehi cl eCoserver;

if (fCbservers.|sBound(oid) == 0) {
TQut Vehi cl e(bserver* obs = factory. Newehi cl eCbserver (oi d);
f Cbservers. Bi nd(obs->Getld(), obs);

proc- >Set Vehi cl eCbserver (**f Gbservers. Val ueX (oi d));

} else if (genReader. GetProcessorType() ==
TQut Gener al Speci fi cati onReader: : kSunmmar yProcessor) {

TQut Summar yPr ocessor* proc =
factory. NewSummar yPr ocessor ( TQut Processor: : Get Next 1 d(),
TQut Gener al Speci fi cati on(genReader));

f Processors. Bi nd(proc->Getld(), proc);

f Summar yPr ocessor s. Add( proc);

} else

throw TQut | nval i dProcessor();

/1 Destruct an output dispatcher
TCQut Di spat cher:: ~TCQut Di spat cher ()

for (OoserverMaplterator i(fCbservers); !i.lsDone(); i.Next())
delete *i.CurrentVal ue();

for (ProcessorMaplterator j(fProcessors); !j.IsDone(); j.Next())
del ete *j.CurrentVal ue();

del ete fFactory;
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/1 Return whether two output dispatchers are the sane
bool TQut D spatcher:: operator==(const TCQutD spatcher& d) const

return (this == &d);
bool TQut Di spatcher::operator!=(const TCut D spatcheré& d) const
{
}

return ! (this == &d);

/1 Begin recording output for this tine step.
voi d TCQut Di spat cher: : RecordQut put (REAL ti nme)

{
for (ProcessorMaplterator it(fProcessors); !it.lsDone(); it.Next())

(*it.CurrentVal ue())->RecordQutput(tine);

/1  Return the processors.
TCQut Di spat cher: : Processor Map& TQut Di spat cher: : Get Processors()

return fProcessors;

const TOQut Di spat cher:: Processor Map& TQut Di spat cher:: Get Processors() const
{

return fProcessors;

/!l Return the observers.
TCQut Di spat cher: : Gbserver Map& TQut Di spat cher: : Get Gbservers()
{

return fCbservers;

const TQut Di spat cher:: Cbserver Map& TQut Di spat cher:: Get Gbservers() const
{

return f Qobservers;

/1 Return the evolution processors.
TQut Di spat cher: : Evol uti onProcessor Set & TQut Di spat cher: : Get Evol uti onProcessors()

return fEvol utionProcessors;
const TQut Di spatcher:: Evol uti onProcessor Set &
TCQut D spat cher:: Get Evol uti onProcessors() const

return fEvol uti onProcessors;

/!  Return the event processors.
TCQut Di spat cher: : Event Processor Set & TQut Di spat cher: : Get Event Processor s()

return fEvent Processors;

}
const TQut Di spatcher:: Event Processor Set & TQut Di spat cher: : Get Event Processor s()
const
return fEvent Processors;
}

/1 Return the summary processors.
TQut Di spat cher: : Sunmar yPr ocessor Set & TQut Di spat cher: : Get Sumar yPr ocessor s()

return fSummaryProcessors;
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}

const TQut Di spat cher:: Sunmar yPr ocessor Set &
TCQut D spat cher: : Get Summar yPr ocessors() const
{

return fSummaryProcessors;

/1 Define the node observers.
voi d TQut D spat cher:: Set NodeObser ver s( TQut Gbser ver: : Gbserver Map& observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
& *it.Currentlten())->Cet NodeCbserver());
/1 iterate thru sunmary processors

/1 Define the Iink observers.
voi d TCQut Di spat cher: : Set Li nkObservers(TQut Observer:: Cbserver Map& observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
&*it.Currentlten())->GetLinkOoserver());
// iterate thru summary processors

/1 Define the vehicle observers.
voi d TCQut D spat cher:: Set Vehi cl eQbserver s( TQut Gbser ver: : Gbser ver Map& observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
& *it.Currentlten())->Cet Vehicl eQoserver());
for (EventProcessorSetlterator j(fEventProcessors); !j.lsDone(); j.Next())
observers.Bind(*j.Currentlten(),
& *j.Currentlten())->Cet Vehi cl eCoserver());

/1 Define the intersection observers.
voi d TCQut Di spatcher:: SetlntersectionOoservers(TOut Goserver: : Cbserver Map&
observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
& *it.Currentlten())->Cetlntersecti onCbserver());

/1 Define the signal coordinator observers.
voi d TCut Di spat cher: : Set Si gnal Coor di nat or Cbser ver s( TQut Gbser ver: : Cbser ver Map&
observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
& *it.Currentlten())->Cet Si gnal Coordi nat or Cbserver());

/1 Define the signalized control observers.
voi d TCQut D spat cher:: Set Si gnal i zedCont r ol Gbservers(TQut Gbserver: : Gbserver Map&
observers)

for (EvolutionProcessorSetlterator it(fEvolutionProcessors); !it.IsDone();
it.Next())
observers.Bind(*it.Currentlten(),
&*it.Currentlten())->GetSignalizedControl Cbserver());
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/1 Define the link space observers.
voi d TCQut D spat cher:: Set Li nkSpaceQbser ver s( TQut Gbser ver: : Gbserver Map& observers)

TCut Li nkSpacebserver* observer =
f Fact ory- >NewLi nkSpaceCbser ver ( TQut Coserver:: Get Next 1 d());
for (SummaryProcessorSetlterator i (fSummaryProcessors); !i.lsDone();
i Next()) {
observers.Bind(*i.Currentlten(), observer);
(*i.Currentltem())->AddSpaceCbserver (*observer);
}

f Qbservers. Bi nd(observer->Getld(), observer);

/1 Define the link time observers.
voi d TCQut D spat cher: : Set Li nkTi meQbser ver s( TQut Gbser ver: : Gbser ver Map& observers)

TCut Li nkTi meCbserver* observer =
f Fact ory- >NewLi nkTi meCbser ver (TQut Gbserver:: Get Next 1 d());
for (SummaryProcessorSetlterator i (fSummaryProcessors); !i.lsDone();
i Next()) {
observers.Bind(*i.Currentlten(), observer);
(*i.Currentltem())->AddTi meQoserver (*observer);

f Qbservers. Bi nd(observer->Getld(), observer);

/1 Undefine the |link space observers.
voi d TCut Di spat cher:: d ear Li nkSpaceObser ver s( TQut Gbser ver: : Cbser ver Map&
observers)

bool del eted = FALSE;
for (TCQut Cbserver:: CbserverMaplterator i(observers); !i.lsDone();
i.Next()) {
TQut Sumar yProcessor* processor = (TQOut SunmaryProcessor*)
*i.Currentltem();
TQut Gbserver* observer = *i.CurrentVal ue();
processor - >RenbveSpacebser ver (*observer);
f Cbservers. Unbi nd( observer->Getld());
if (!deleted) { //1SSUE(bwb): W may have to generalized this later.
del et e observer;
del eted = TRUE;

}

observers. d ear();

/1 Undefine the link time observers.
voi d TQut D spatcher:: O earLi nkTi meQoservers( TQut Gbserver: : Gbserver Map&
observers)

bool del eted = FALSE;
for (TCQut Gbserver:: QobserverMaplterator i(observers); !i.lsDone();
i.Next()) {
TQut Sunmmar yProcessor* processor = ( TQut Sunmmar yProcessor*)
*i.Currentltem();
TCQut Gbserver* observer = *i.CurrentVal ue();
processor - >RenoveTi neobser ver (*observer) ;
f Gbservers. Unbi nd(observer->Getld());
if ('deleted) { //1SSUE(bwb): We may have to generalized this later.
del et e observer;
del eted = TRUE;
}

observers. Clear();
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B. TOutEventProcessor Class

1. EventProcessor.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfil e: EventProcessor.h,v $
$Revision: 1.2 $

$Date: 1996/06/19 17:13:17 $
$State: Stab $

$Author: bwb $

U. S. Governnent Copyright 1996
Al rights reserved

~ e~~~ e~~~ —
~ e~ e~ — e~~~ —

#i f ndef TRANSI M5_OUT_EVENTPROCESSCR
#define TRANSI M5_OUT_EVENTPROCESSCR

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Processor. h"
#i ncl ude " QUT/ St or age. h"

/'l Forward decl arations.
cl ass TQut Cbserver;

/1 An output event processor deals with conditions occuring in the sinulation
/1 such as vehicle entry, vehicle exit, and |ost vehicles.
cl ass TQut Event Processor

publ i c TQut Processor

public:
/1 Construct an event processor.
TQut Event Processor (Qut Processorld id, const TQutGeneral Specification&
speci fication, U NT vehicl eMask);

/1 Destruct an event processor
virtual ~TQutEventProcessor();

/1 Return the processor type.
EPr ocessor Type Get Processor Type() const;

/1 Begin recording output for this tinme step.
virtual void RecordCutput(REAL tine);

/1 Finish recording output for a vehicle.
virtual void RecordVehicle();

/1 Return the vehicle observer.
TCQut Gbserver & Get Vehi cl eCoserver();
const TQut Gbserver & Get Vehi cl eCbserver () const;

/1 Define the vehicle observer.
voi d Set Vehi cl eCbserver ( TQut Cbserver & observer);

/1l Return the vehicle status mask.
U NT Get Vehi cl eMask() const;

private:

/1 An event processor has a vehicle observer.
TQut Qbserver* fVehi cl eCbserver;

/1 An event processor is connected to a vehicle storage.
TCQut St orage f Vehi cl eSt or age;

/1 An event processor has a vehicle status nask.
Ul NT f Vehi cl eMask;
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#endi f // TRANSI M5_OUT_EVENTPROCESSOR

2. EventProcessor.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1l $RCSfile: EventProcessor.C v $
/!l $Revision: 1.2 $

/1l $Date: 1996/06/19 17:12:02 $
/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1996
/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Event Processor. h"

#i ncl ude " QUT/ Excepti on. h"

#i ncl ude " QUT/ Qbserver. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct an event processor.
TQut Event Processor: : TOQut Event Processor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification, U NT vehicl eMask)
TQut Processor (id, specification),
f Vehi cl eQbserver (( TQut Coserver*) NULL),
f Vehi cl eSt orage(specification. GetRoot (), specification.GetNane() + "." +
kVehi cl eSuf fi x, TOQut Storage::kWite),
f Vehi cl eMask( vehi cl eMask)

/1 Destroy an event processor.
TCQut Event Processor: : ~TQut Event Processor ()

{
}

/1 Return the processor type.
TQut Processor: : EProcessor Type TQut Event Processor:: Get Processor Type() const

{
}

return kEvent Processor;

/1 Begin recording output for this tine step.
voi d TCQut Event Processor: : Recor dQut put ( REAL)
{

return;

/1 Finish recording output for a vehicle.
voi d TQut Event Processor: : Recor dVehi cl e()

if (fVehicleStorage. GetOffset() ==

f Vehi cl eSt orage. Wit eHeader (f Vehi cl eQbserver - >Get Record());
f Vehi cl eSt orage. Wit e(fVehicl eQbserver->Get Record());

/1 Return the vehicle observer.
TCQut Qbserver & TQut Event Processor : : Get Vehi cl eQoserver ()

return *fVehicl eCbserver;

}
const TQut Cbserver & TQut Event Processor: : Get Vehi cl eQbserver () const

return *fVehicl eCoserver;
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/1 Define the vehicle observer.
voi d TQut Event Processor: : Set Vehi cl eQbser ver ( TQut Gbser ver & observer)

f Vehi cl eCbserver = &observer;

/1l Return the vehicle status nmask.
U NT TQut Event Processor: : Get Vehi cl eMask() const

{
return fVehicl eMask;

C. TOutEventRetriever Class

1. EventRetriever.h

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: EventRetriever.h,v $
// $Revision: 0.1 $

/1 $Date: 1996/06/19 17:13:59 $
//  $State: Stab $

/1 $Author: bwb $

/1 US. Governnent Copyright 1995
/1 Al rights reserved

#i f ndef TRANSI MS_OUT_EVENTRETRI EVER
#def i ne TRANSI MS_OUT_EVENTRETRI EVER

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>
#i ncl ude <QUT/ Retriever. h>

/1 An event retriever gets specific event data from storage and
/1 coordinates its conversion and filtering.
class TQutEventRetriever

public TQut Retriever

publi c:

/1 Construct a reader for the specified hosts and given specification,

/1 and network.

TCQut Event Retri ever (const TQut St or age: : Host Set & host's, const
TQut Gener al Speci fication& specification, const TNet Network* network
= NULL);

/1l Performthe retrieval on the specified witers.
void Retrieve(TQut Witer& vehicleWiter, bool sort = TRUE);

private:

/1 The retriever is connected to a vehicle storage.
TCQut St or age f Vehi cl eSt or age;

b

#endi f // TRANSI M5_OUT_EVENTRETRI EVER

2. EventRetriever.C

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: EventRetriever.C v $
/1 $Revision: 0.1 $

/] $Date: 1996/06/19 17:14:37 $
/Il $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1996
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/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Event Retri ever. h>
#i ncl ude <QUT/ Nares. h>

/1 Construct a reader for the specified hosts and given specification.
TCQut Event Retri ever:: TQut Event Retri ever (const TCQut St or age: : Host Set &
hosts, const TQut Gener al Speci fication& specification, const TNet Networ k*
net wor k)
TCQut Retri ever (specification, network),
f Vehi cl eSt orage(hosts, specification. GetRoot (), specification.GetNane() +
"." + kVehi cl eSuf fi x)

/1 Performthe retrieval on the specified witers.
void TQut EventRetriever::Retrieve(TQutWiter& vehicleWiter, bool sort)

Basi cRetri eve(fVehicl eStorage, vehicleWiter, sort);

}
D. TOutEvolutionProcessor Class
1. EvolutionProcessor.h

Proj ect: TRANSI M5

Subsystem Simnul ati on Qut put
$RCSfil e: Evol utionProcessor.h,v $
$Revision: 0.6 $

$Date: 1996/06/19 17:16:38 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995

Al rights reserved

~ e~ e~ — e~~~ —
~ e~ e~ — e~~~ —

#i f ndef TRANSI MS_OUT_EVOLPRCC
#defi ne TRANSI MS_OUT_EVOLPROC

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Processor. h"
#i ncl ude " QUT/ St or age. h"

/'l Forward decl arations.
class TQut Evol uti onSpecification;
cl ass TQut Cbserver;

/1 An output evolution processor deals with evol ving data such as
/1 that needed for aninmation, waterfall plots, etc.
cl ass TQut Evol uti onProcessor
publ i c TQut Processor
publi c:

/1 Construct an evol ution processor
TQut Evol uti onProcessor (Qut Processorld, const TQut General Specificationg&);

/1 Destruct an evolution processor.
virtual ~TQutEvol utionProcessor();

/1 Return the processor type.
EPr ocessor Type Get Processor Type() const;

/1 Begin recording output for this tinme step.
virtual void RecordCutput(REAL tine);

/1 Finish recording output for a node.
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virtual void RecordNode();

/1 Finish recording output for a link.
virtual void RecordLink();

/1 Finish recording output for a vehicle.
virtual void RecordVehicle();

/1 Finish recording output for an intersection.
virtual void Recordlntersection();

/1 Finish recording output for a signal coordinator.
virtual void RecordSignal Coordinator();

/1 Finish recording output for a signalized control.
virtual void RecordSignalizedControl ();

/1 Return the node observer.
TCQut Gbserver & Get NodeCbserver () ;
const TQut Gbserver & Get NodeQbserver () const;

/1 Define the node observer.
voi d Set Nodebserver ( TQut Cbserver & observer);

/1 Return the link observer.
TQut Qbserver & Get Li nkCbserver () ;
const TQut Cbserver & Get Li nkObserver () const;

/1 Define the link observer.
voi d SetLi nkQoserver ( TOQut oserver & observer);

/1 Return the vehicle observer.
TCQut Gbserver & Cet Vehi cl eCoserver();
const TQut Cbserver & Get Vehi cl eCbserver () const;

/1 Define the vehicle observer.
voi d Set Vehi cl eCbserver ( TQut Cbserver & observer);

/1 Return the intersection observer.
TQut Observer & Getl ntersecti onCbserver();
const TQut Cbserver& Getlntersecti onCbserver() const;

/1 Define the intersection observer.
voi d Setlntersecti onCbserver (TOut Cbserver & observer);

/1 Return the signal coordinator observer.
TCQut Gbserver & Cet Si gnal Coor di nat or Cbserver () ;
const TQut Observer & Get Si gnal Coor di nat or Gbserver () const;

/1 Define the signal coordinator observer.
voi d Set Si gnal Coor di nat or Gbser ver ( TQut Cbser ver & observer);

/1 Return the signalized control observer.
TQut Qbserver & Get Si gnal i zedCont r ol Cbserver () ;
const TQut Cbserver & Get Si gnal i zedControl Cbserver() const;

/1 Define the signalized control observer.
voi d Set Si gnal i zedControl Coserver ( TQut Cbserver & observer);

private:

/1 An evolution processor has a node observer.
TQut Cbserver* f Nodeoserver;

/1 An evolution processor has a |ink observer.
TCQut Gbserver* fLinkCbserver;

// An evol ution processor has a vehicl e observer.
TQut Cbserver* f Vehicl eCbserver;

/1 An evolution processor has an intersection observer.
TCQut Gbserver* flntersecti onCbserver;

/1 An evol ution processor has a signal coordinator observer.
TCQut Gbserver* f Si gnal Coor di nat or Cbser ver;
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/1 An evolution processor has a signalized control observer.
TQut Qbserver* fSignalizedControl Goserver;

/1 An evolution processor is connected to a vehicle storage.
TCQut St or age f Vehi cl eSt or age;

/1 An evolution processor is connected to an intersection storage.
TCQut Storage flntersectionStorage;

/1 An evolution processor is connected to a signalized control storage.
TCQut St orage f Si gnal St orage;

#endi f // TRANSI M5_OUT_EVOLPROC

2. EvolutionProcessor.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1l $RCSfile: EvolutionProcessor.C,v $
/1 $Revision: 0.6 $

/1 $Date: 1996/06/19 17:15:42 $

/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Evol uti onProcessor. h"
#i ncl ude " QUT/ Excepti on. h"

#i ncl ude " QUT/ Coserver. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct an evol ution processor.
TQut Evol uti onProcessor: : TQut Evol uti onProcessor (Qut Processorld id, const
TCQut Gener al Speci ficati on& spec)
TQut Processor (i d, spec),
f NodeQbser ver (( TQut Goserver*) NULL),
f Li nkQobserver (( TCut Cbserver*) NULL),
f Vehi cl eQbserver (( TQut Coserver*) NULL),
flntersecti onCbserver ((TQut Cbserver*) NULL),
f Si gnal Coor di nat or Gbser ver (( TQut Coserver*) NULL),
f Si gnal i zedCont r ol Goserver (( TQut Coserver*) NULL),

f Vehi cl eSt or age(spec. Get Root (), spec. GetName() + "." + kVehicleSuffix,
TQut St orage: : kWite),

flntersectionStorage(spec. Get Root (), spec.GetNane() + "." +
kl ntersectionSuffix, TQutStorage::kWite),

f Si gnal St or age(spec. Get Root (), spec. GetNane() + "." + kSignal Suffi x,

TQut St orage: : kWite)

—

// Destruct an evol ution processor.
TQut Evol uti onProcessor:: ~TQut Evol uti onProcessor ()

{
}

/1 Return the processor type.
TQut Processor: : EProcessor Type TQut Evol uti onProcessor: : Get Processor Type() const

return kEvol uti onProcessor;

/1 Begin recording output for this tinme step.
voi d TCQut Evol uti onProcessor: : RecordQut put (REAL ti ne)

t hrow TCQut Excepti on(
"Client nmust override TQutEvol uti onProcessor:: RecordQutput(tinme).");
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/1 Finish recording output for a node.
voi d TQut Evol uti onProcessor:: Recor dNode()
{

}

/1 Finish recording output for a link.
voi d TQut Evol uti onProcessor:: RecordLi nk()
{

}

/1 Finish recording output for a vehicle.
voi d TQut Evol uti onProcessor:: Recor dVehi cl e()

if (fVehicleStorage. GetOfset() == 0)
f Vehi cl eSt orage. Wi t eHeader (f Vehi cl eQobserver - >Get Record());
f Vehi cl eStorage. Wit e(f Vehicl eCbserver->CGet Record());

/1 Finish recording output for an intersection.
voi d TQut Evol uti onProcessor:: Recordlntersection()

if (flntersectionStorage. GetOffset() == 0)

flntersecti onStorage. WiteHeader (flntersecti onCbserver->Get Record());
flntersecti onStorage. Wite(flntersecti onObserver->GetRecord());

/1 Finish recording output for a signal coordinator.
voi d TQut Evol uti onProcessor:: Recor dSi gnal Coor di nat or ()
{

}

/1 Finish recording output for a signalized control.
voi d TQut Evol uti onProcessor:: RecordSi gnal i zedControl ()
if (fSignal Storage. GetOffset() == 0)

f Si gnal St orage. Wit eHeader (f Si gnal i zedCont r ol Cbser ver->Get Record());
f Si gnal St orage. Wite(fSignalizedControl Cbserver->Get Record());

/1 Return the node observer.
TQut Gbserver & TQut Evol uti onProcessor: : Get NodeOoserver ()

return *f NodeQbserver;

}
const TQut Cbserver & TCQut Evol uti onProcessor: : Get NodeObserver () const

return *f NodeQbserver;

/1 Define the node observer.
voi d TQut Evol uti onProcessor: : Set NodeObser ver ( TQut Cbserver & 0)

f Nodebhserver = &o;

/1 Return the link observer.
TQut Qbserver & TQut Evol uti onProcessor: : Get Li nkCbser ver ()
{

}

const TQut Gbserver & TQut Evol uti onProcessor: : Get Li nkObserver () const

return *fLi nkQbserver;

return *fLi nkObserver;

LA-UR-97-1226

57



/1 Define the link observer.
voi d TQut Evol uti onProcessor: : Set Li nkObser ver ( TQut Gbserver & 0)

fLi nkQbserver = &o;

/1 Return the vehicle observer.
TQut Cbserver & TQut Evol uti onProcessor: : Get Vehi cl eQbserver ()

return *fVehicl eCbserver;

}

const TQut Cbserver & TQut Evol uti onProcessor:: Get Vehi cl eCbserver () const

{

return *fVehicl eQoserver;

/1 Define the vehicle observer.
voi d TQut Evol uti onProcessor: : Set Vehi cl eCbser ver (TOut Cbserver & 0)

f Vehi cl e(bserver = &o;

/1 Return the intersection observer.
TCQut Gbserver & TQut Evol uti onProcessor:: Getlntersecti onObserver ()

return *flntersecti onCbserver;

}
const TQut Gbserver & TQut Evol uti onProcessor:: Getlntersecti onGbserver() const

return *flntersectionCbserver;

/1 Define the intersection observer.
voi d TQut Evol uti onProcessor:: Setlntersecti onObserver ( TOQut Gbserver & 0)

flntersecti onCbserver = &o;

/1 Return the signal coordinator observer.
TQut Gbserver & TQut Evol uti onProcessor: : Get Si gnal Coor di nat or Gbser ver ()

return *fSi gnal Coordi nat or Cbserver;

}

const TQut Cbserver & TCQut Evol uti onProcessor: : Get Si gnal Coor di nat or Gbserver () const

return *fSi gnal Coordi nat or Gbserver;

/1 Define the signal coordinator observer.
voi d TQut Evol uti onProcessor: : Set Si gnal Coor di nat or Gbserver (TOut Gbserver & 0)

f Si gnal Coor di nat or Cbserver = &o;

/1  Return the signalized control observer.
TQut Qbserver & TQut Evol uti onProcessor: : Get Si gnal i zedCont r ol Cbser ver ()
{

}

const TQut Cbserver & TQut Evol uti onProcessor: : Get Si gnal i zedCont rol Cbserver () const

return *fSignalizedControl Gbserver;

return *fSignalizedControl Cbserver;
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/1 Define the signalized control observer.
voi d TQut Evol uti onProcessor:: Set Si gnal i zedCont r ol Gbser ver ( TQut Gbserver & 0)

f Si gnal i zedControl Cbserver = &o;

E. TOutEvolutionRetriever Class

1. EvolutionRetriever.h

Proj ect: TRANSI M5

Subsystem Simnul ati on Qut put
$RCSfile: EvolutionRetriever.h,v $
$Revision: 0.8 $

$Date: 1996/06/19 17:21:54 $
$State: Stab $

$Author: bwb $

U.S. Governnent Copyright 1995

Al rights reserved

~ e~ e~ — e~~~ —
~ e~ — e~~~ ——

#i fndef TRANSI MS_OUT_EVOLUTI ONRETRI EVER
#defi ne TRANSI MS_OUT_EVOLUTI ONRETRI EVER

/1 Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>
#i ncl ude <QUT/ Retriever. h>

/1 An evolution retriever gets specific trajectory data from storage and
/1 coordinates its conversion and filtering.
cl ass TQut Evol utionRetriever

public TQutRetriever

public:
/1 Construct a reader for the specified hosts and given specification,

/1 and network.
TQut Evol uti onRetri ever (const TOQut Storage: : Host Set & hosts, const

TQut Gener al Speci ficati on& specification, const TNet Network* network

= NULL);

/1 Performthe retrieval on the specified witers.
void Retrieve(TQutWiter& vehicleWiter, TQutWiter& intersectionWiter,
TQutWiter& signal Witer, bool sort = TRUE);

private:

/1 The retriever is connected to a vehicle storage.
TCQut St or age f Vehi cl eSt or age;

/1 The retriever is connected to an intersection storage.
TQut Storage flntersectionStorage;

/1 The retriever is connected to a signal storage.
TCQut St or age f Si gnal St orage;

b
#endif // TRANSI MS_OUT_EVOLUTI ONRETRI EVER

2. EvolutionRetriever.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: EvolutionRetriever.C v $
$Revision: 0.9 $

$Date: 1996/06/19 17:21:35 $
$State: Stab $

~—————
~—————
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/ $Author: bwb $
/U S. Covernment Copyright 1995
/ Al rights reserved

~——

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Evol utionRetriever. h>
#i ncl ude <QUT/ Nares. h>

/1 Construct a reader for the specified hosts and given specification.
TCQut Evol uti onRetri ever:: TQut Evol utionRetri ever(const TQut St orage: : Host Set &
hosts, const TQut Gener al Speci fication& specification, const TNet Network*
net wor k)
TCQut Retri ever (specification, network),
f Vehi cl eSt orage(hosts, specification. GetRoot(), specification.GetNane() +
"." + kVehicl eSuffix),
flntersectionStorage(hosts, specification.GetRoot(), specification.GetNanme()
+ "." + klntersectionSuffix),
f Si gnal St orage(hosts, specification.GetRoot(), specification.GetNane() +
"." + kSignal Suffix)

/1 Performthe retrieval on the specified witers.
voi d TQut Evol uti onRetriever::Retrieve(TQut Witer& vehicleWiter,
TQutWiter& intersectionWiter, TQutWiter& signal Witer, bool sort)

{
Basi cRetri eve(f Vehicl eStorage, vehicleWiter, sort);
Basi cRetrieve(flntersectionStorage, intersectionWiter, sort);
Basi cRetri eve(fSi gnal Storage, signal Witer, sort);

}

F. TOutException Class

1. Exception.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Exception.h,v $
$Revision: 0.6 $

$Date: 1996/ 06/19 17:22:59 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i f ndef TRANSI MS_OUT_EXCEPTI ON
#def i ne TRANSI MB_OUT_EXCEPTI ON

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

/1 An output exception signals the failure of a nenber function.
class TQut Exception
public:

/1 Construct an exception with the specified nessage text.
TCQut Exception(const string& message = "Sinul ation output error.");

/1 Construct a copy of the specified exception.
/1 TQut Exception(const TQut Exception& exception);

/1 Make the exception a copy of the specified exception.
/1 TQut Excepti on& operat or=(const TQut Excepti on& exception);

/1 Return the nessage text for the exception.
const string& Get Message() const;

LA-UR-97-1226



private:

/1 Each exception has a nessage.
string fMessage;
H

/1 This exception is thrown when a storage operation fails.
cl ass TQut St orageFail ure
publ i c TQut Exception

public:

/1 Construct an exception with the specified message text.
TCQut St or ageFai | ure(const string& nessage = "Storage failure.");

/1 Construct a copy of the specified exception.
/1 TQut StorageFai | ure(const TCQut St orageFai | ure& exception);

/1 Make the exception a copy of the specified exception.
/1 TQut St or ageFai | ure& oper at or=(const TQut St or ageFai | ure& exception);

/1 This exception is thrown when a witer operation fails.
class TQutWiterFailure
publ i c TQut Exception

publi c:

/1 Construct an exception with the specified nessage text.
TQutWiterFailure(const string& nessage = "Witer failure.");

/1 Construct a copy of the specified exception.
/1 TQutWiterFailure(const TOut WiterFailure& exception);

/1 Make the exception a copy of the specified exception.
/1 TQutWiterFailure& operator=(const TQutWiterFailure& exception);

/1 This exception is thrown when the processor type is invalid.
class TQut | nval i dProcessor
public TQut Exception

public:

/1 Construct an exception with the specified nessage text.
TCQut I nval i dProcessor (const string& nmessage = "Invalid Processor.");

/1 Construct a copy of the specified exception.
/1 TQutlnvalidProcessor(const TCQutlnvali dProcessor& exception);

/1 Make the exception a copy of the specified exception.
/1 TQutlnval i dProcessor & operat or=(const TQut | nval i dProcessor & exception);

#endif // TRANSI M5_OUT_EXCEPTI ON

2. Exception.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: Exception.C v $
$Revision: 0.6 $

$Date: 1996/06/19 17:22:32 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude <QUT/ Excepti on. h>
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/1 Construct an exception with the specified nessage text.
TQut Excepti on: : TQut Excepti on(const string& nmessage)

f Message( nmessage)
{

}

/1 Return the message text for the exception.
const string& TQut Exception:: Get Message() const
{

return f Message;

/1 Construct a "storage failure" exception with the specified nessage text.
TQut St or ageFai | ure: : TOut St orageFai | ure(const string& nessage)
TCQut Excepti on( message)

{
}
/1 Construct a "witer failure" exception with the specified nessage text.

TQut WiterFailure:: TQutWiterFailure(const string& nessage)
: TQut Excepti on( message)

{

}

/1 Construct an "invalid processor" exception with the specified nessage text.

TQut | nval i dProcessor: : TQut I nval i dProcessor (const string& nessage)
TQut Excepti on( message)
{

}

G. TOutFactory Class

1. Factory.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Factory.h,v $
$Revision: 0.4 $

$Date: 1996/06/19 17:23:26 $
$State: Stab $

$Author: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i fndef TRANSI MS_OUT_FACTORY
#defi ne TRANSI M5_OUT_FACTORY

/'l Include TRANSI M5 header files.
#i ncl ude "QUT/1d. h"

/'l Forward decl arations.

cl ass TQut Evol uti onProcessor;

cl ass TQut Event Processor;

cl ass TQut Sunmar yProcessor;

cl ass TQut Li nkEvol uti onCobser ver;
class TQut Vehi cl eCbserver;

cl ass TQut NodeEvol uti onCbser ver;
class TQutlntersecti onCbserver;

cl ass TQut Si gnal Coor di nat or Evol uti onCbser ver;
cl ass TQut Si gnal i zedCont r ol Gbserver;
cl ass TQut Li nkSpaceObser ver;

class TQut Li nkTi meQoser ver;

cl ass TQut Gener al Specification;
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/1

An output factory allocates and constructs new output objects.

class TQut Factory

b

public:

/1 Construct a factory.
TCQut Factory ();

/1 Destruct a factory.
virtual ~TQutFactory();

/1 Return a new evol ution processor fromthe specification.
virtual TQutEvol utionProcessor* NewEvol uti onProcessor(CQutProcessorld id,
const TQut Gener al Speci ficati on& specification) = 0;

/1 Return a new event processor fromthe specification.
virtual TQutEventProcessor* NewEvent Processor (CQutProcessorld id,
const TQut Gener al Speci ficati on& specification) = 0;

//  Return a new sumary processor fromthe specification.
virtual TQut SunmmaryProcessor* NewSunmmaryProcessor (Qut Processorld id,
const TQut Gener al Speci ficati on& specification) = 0;

/1 Return a new |link evolution observer.
virtual TCQutLinkEvol uti onQbserver* NewlLi nkEvol uti onCbserver (CQut Coserverld
id) = 0;

/1 Return a new vehicle observer.
virtual TQut Vehicl eCbserver* Newehicl eCbserver (CQut Cbserverld id) = O;

/1l Return a new node evol uti on observer.
virtual TOQut NodeEvol uti onQoserver* NewNodeEvol uti onQoserver (Qut Gbserverld
id) =0;

/! Return a new intersection observer.
virtual TQutlntersectionOoserver* New ntersectionGObserver(Qut Cbserverld id)
= O;

/1 Return a new signal coordinator evol ution observer.
virtual TQutSi gnal Coordi nator Evol uti onCbserver*
NewSi gnal Coor di nat or Evol ut i onCbser ver (CQut Cbserverld id) = 0;

/1 Return a new signalized control observer.
virtual TQutSignalizedControl Coserver*
NewSi gnal i zedCont r ol Cbser ver (CQut Cbserverld id) = 0;

/1 Return a new |link space observer.
virtual TQutLi nkSpaceObserver* NewLi nkSpaceQbserver (Qut Gbserverld id) = O;

/1 Return a new link time observer.
virtual TCQutLi nkTi meCoserver* NewlLi nkTi meCbserver (CQut Coserverld id) = O;

#endif // TRANSI M5_OUT_FACTORY

~ e~ e — e~~~
~— e e — e~~~ —

/1

Factory.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: Factory.C v $
$Revision: 0.3 $

$Date: 1996/ 06/19 17:23:15 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

I ncl ude TRANSI M5 header files.

#i ncl ude "QUT/ Factory. h"

/1

Construct a factory.

TCQut Fact ory: : TQut Fact ory()
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/1 Destruct a factory.
TCQut Fact ory: : ~TQut Fact ory()
{

}

H. TOutGeneralSpecification Class
1. GeneralSpecification.h

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: CGeneral Specification.h,v $
/1 $Revision: 0.6 $

/] $Date: 1996/06/19 17:24:30 $

/] $State: Stab $

/1 $Author: bwb $

/1 U'S. Governnent Copyright 1995

/1 Al rights reserved

#i f ndef TRANSI M5_OUT_CGENERALSPECI FI CATI ON
#def i ne TRANSI MS_OUT_CGENERALSPECI FI CATI ON

/1 Include Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCSet U. h>

/1 Include TRANSI M5 header files.

#i ncl ude <GBL/ d obal s. h>

#i ncl ude <NET/I1d. h>

#i ncl ude <NET/ Rect angl e. h>

#i ncl ude <QUT/ Gener al Speci fi cati onReader . h>

/1 The general specification defines the frequency and extent of data to be
/1 collected or retrieved in both space and tine.
cl ass TQut General Specification
{
publi c:

/1 Type definitions.

typedef BC_TUnboundedSet <Net Nodel d, 10000U, BC_CManaged> Nodel dSet;
typedef BC _TSet Activelterator<Net Nodel d> Nodel dSet|terator;

t ypedef BC_TUnboundedSet <Net Li nkl d, 10000U, BC_CManaged> Li nkl dSet;
typedef BC _TSet Activelterator<NetLinkld> LinkldSetlterator;

/1 Time constants.
static const REAL kM nuslinfinity;
static const REAL kPluslnfinity;

/1 Construct a general specification froma reader.
TQut Gener al Speci fi cati on( TQut Gener al Speci fi cati onReader & reader);

/1 Return the root for the specification.
const string& GetRoot() const;

/1 Return the name for the specification.
const string& GetName() const;

/1 Return whether data should be collected for the specified tine.
bool Col | ect For Ti ne( REAL tine) const;

/1 Return whether data should be sanpled at the specified tine.
bool Sanpl eFor Ti ne( REAL tine) const;

/1 Return whether the specified tine is the start tine.
bool IsAtStartTi me(REAL tine) const;
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/1 Return the box |ength.
REAL GCet BoxLengt h() const;

/1 Return whether data should be collected for the specified point
/1 space.
bool Col | ect For Poi nt (const TGeoPoi nt & poi nt) const;

/1 Return whether data should be collected for the specified node.
bool Col | ect For Node( Net Nodel d id) const;

/1 Return whether data should be collected for the specified |ink.
bool Col | ect For Li nk(Net Li nkld id) const;

private:

/1 Each specification has a root.
string fRoot;

/1 Each specification has a nane.
string fName;

/1 Each specification has a m nunumti ne.
REAL fTi meM ni num

/1 Each specification has a maxi numtine.
REAL f Ti meMaxi mum

/1 Each specification has a tinme step.
REAL fTi neSt ep;

/1 Each specification has a tine sanple.
REAL f Ti meSanpl e;

/1 Each specification has a box |ength.
REAL f BoxLengt h;

/1 Each specification has a collection region.
TCGeoRect angl e f Regi on;

/1 Each specification has a set of node ids.
Nodel dSet f Nodes;

/1 Each specification has a set of link ids.

Li nkl dSet fLi nks;
}

#endi f // TRANSI M5_OUT_GENERALSPECI FI CATI ON

2. GeneralSpecification.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: CGeneral Specification.C v $
/1l $Revision: 0.7 $

/1 $Date: 1996/06/19 17:24:13 $

/] $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Gener al Speci fi cati on. h>

/1 Define the hash function for node ids.
static BC_| ndex Nodel dHashVal ue(const Net Nodel d& i d)

{
return BC_| ndex(id);

/1 Define the hash function for link ids.
static BC_|I ndex LinkldHashVal ue(const NetLinkld& id)
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return BC_| ndex(id);

/1 Time constants.
const REAL TQut General Specification::kMnuslinfinity = (UNT) -2;
const REAL TQut General Specification::kPluslinfinity = (UNT) -1;

/1 Construct a general specification froma reader.
TQut Gener al Speci fi cati on:: TQut Gener al Speci fi cati on(
TQut Gener al Speci fi cati onReader & r eader)

f Root (reader. Get Root ()),

f Narre(r eader. Get Nane()),

f Ti meM ni mum(r eader. Get M ni nunili me() ),

f Ti meMaxi mun( r eader . Get Maxi munili ne() ),

fTi meSt ep(reader. Get Ti neStep()),

f Ti meSanpl e(reader. Get Ti neSanpl e()),

f BoxLengt h(reader. Get BoxLengt h()),

f Regi on(reader. Get Regi on()),

f Nodes(reader. Get Nodes()),

f Li nks(reader. Get Li nks())

/1 Return the root for the specification.
const string& TQut General Specification:: Get Root() const
{

return fRoot;

/'l Return the name for the specification.
const string& TQut General Specification:: Get Nanme() const

return f Naneg;

/1 Return whether data should be collected for the specified tine.
bool TQut Gener al Speci fication:: Coll ectForTi me(REAL tinme) const

if (fTimeMnimum!= kMnusinfinity & time < fTi mreM ni mum
return FALSE;

if (fTimeMaxi mum!= kPlusinfinity & time > fTi meMaxi mum
return FALSE;

const REAL start = fTineMninmum!= kKM nusinfinity ? fTi neM ni num :

return int(100 * (time - start)) %int(100 * fTinmeStep) == 0;

/1 Return whether data should be sanpled at the specified tine.
bool TQut Gener al Speci fi cati on:: Sanpl eFor Ti me( REAL time) const

if (fTimeMnimum!= kMnusinfinity & time < fTi meM ni mum
return FALSE;

if (fTimeMaxi mum!= kPlusinfinity & time > fTi meMaxi mum
return FALSE;

const REAL start = fTineMninmum!= kKM nusinfinity ? fTineM ni num :

return int(100 * (tine - start)) %int(100 * fTi neSanple) == O;

/1 Return whether the specified tinme is the start tine.
bool TQut General Specification::1sAtStartTi me(REAL tinme) const

return fTi mreM ni mum == tine;

/1 Return the box |ength.
REAL TQut Gener al Speci fi cati on:: Get BoxLengt h() const

return fBoxLengt h;
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/1 Return whether data should be collected for the specified point in space.
bool TQut Gener al Speci fication:: Col | ect For Poi nt (const TGeoPoi nt & poi nt) const

{
return fRegi on. Cont ai ns(point);

/1 Return whether data should be collected for the specified node.
bool TQut Gener al Speci fication:: Col | ect For Node( Net Nodel d i d) const
{

return fNodes.|sMenber (id);

/1 Return whether data should be collected for the specified |ink.
bool TQut Gener al Speci fication:: Col | ect For Li nk(Net Li nkld id) const

return fLinks.|sMenber(id);

}

l. TOutGeneralSpecificationReader Class
1. GeneralSpecificationReader.h

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: General SpecificationReader.h,v $
Il $Revision: 0.6 $

/] $Date: 1996/06/19 17:26:00 $

Il $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved

#i f ndef TRANSI MS_OUT_CGENERALSPECI FI CATI ONREADER
#def i ne TRANSI MS_OUT_CGENERALSPECI FI CATI ONREADER

/1 I nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCSet U. h>

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

#i ncl ude <DBS/ Accessor. h>

#i ncl ude <NET/Id. h>

#i ncl ude <NET/ Rect angl e. h>

/1 Forward decl arations.
cl ass TQut Speci fi cati onReader;

/1 A general specification reader reads specifications fromthe database.
cl ass TQut Gener al Speci fi cati onReader

publi c:

/1 Type definitions.

typedef BC_TUnboundedSet <Net Nodel d, 10000U, BC_CWManaged> Nodel dSet ;
typedef BC_TSet Acti vel terator <Net Nodel d> Nodel dSetlterator;

typedef BC_TUnboundedSet <Net Li nkl d, 10000U, BC_CWManaged> Li nkl dSet ;
typedef BC_TSet Acti vel terator<NetLinkld> LinkldSetlterator;

/1 Processor types.
enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSunmar yPr ocessor};

/1 Construct a general specification reader.
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TQut Gener al Speci fi cati onReader ( TQut Speci fi cati onReader & reader);

/1 Construct a copy of the given general specification reader.

/'l TNet General Speci fi cati onReader (const TNet Gener al Speci fi cati onReader &
11 reader);

/1 Make the reader a copy of the given general specification reader.
/1 TNet Gener al Speci fi cati onReader & oper at or =( const
11 TNet Gener al Speci fi cati onReader & reader);

// Reset the iteration over the table.

voi d Reset();

/1 Cet the next specification in the table.

voi d Get Next Speci fication();

/1 Return whether there are any nore specifications in the table.

bool MoreSpecifications() const;

/1 Return the root of the specification.

string GetRoot() const;

/1 Return the name of the specification.

string GetNanme() const;

/1 Return the minimumtinme of the specification.

REAL Get M ni munTi ne() const;

/! Return the maximumtinme of the specification.

REAL Get Maxi munili ne() const;

// Return the time step of the specification.

REAL Get Ti neStep() const;

/1 Return the time sanpling of the specification.

REAL Get Ti meSanpl e() const;

/1 Return the box length of the specification.

REAL Get BoxLengt h() const;

/1 Return the geographic region of the specification.

TCGeoRect angl e Get Regi on() const;

/1 Return the nodes in the specification.

Nodel dSet Get Nodes() const;

/1 Return the links in the specificaiton.

Li nkl dSet Get Li nks() const;

/1 Return the processor type in the specification. A TQutlnvalidProcessor

/'l exception is thrown if the processor is not a valid type.

EPr ocessor Type Get Processor Type() const;

private:

/1 Each general specification reader has a database table accessor.
TDbAccessor fAccessor;

/'l Each general specification reader accesses a node table.
TDbAccessor f NodeAccessor;

/1 Each general specification reader accesses a link table.
TDbAccessor fLinkAccessor;

/1 Each general specification has a processor type.
const TDbField fProcessorField,;

/1 Each general specification has a root.
const TDbField fRootField;

/1 Each general specification has a nane.
const TDbFi el d f NanmeFi el d;

/1 Each general specification has a mnimmtine.
const TDbField fM ni muni meFi el d;

LA-UR-97-1226



/1 Each general specification has a maxi numtine.
const TDbFi el d f Maxi munili meFi el d;

/1 Each general specification has a tinme step.
const TDbField fTi nmeStepField;

/1 Each general specification has a tine sanple.
const TDbField fTi meSanpl eFi el d;

/1 Each general specification has a box |ength.
const TDbFi el d fBoxLengt hFi el d;

/1 Each general specification has a m ni num absci ssa.
const TDbField fM ni mumAbsci ssaFi el d;

/1 Each general specification has a maxi num absci ssa.
const TDbFi el d fMaxi mumAbsci ssaFi el d;

/1 Each general specification has a m ninum ordinate.
const TDbField fM ni munOr di nat eFi el d;

/1 Each general specification has a maxi num ordi nate.
const TDbFi el d fMaxi munOr di nat eFi el d;

#endi f // TRANSI M5_OUT_GENERALSPECI FI CATI ONREADER

2. GeneralSpecificationReader.C

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: General SpecificationReader.C, v $
/1 $Revision: 0.6 $

/1 $Date: 1996/06/19 17:25:26 $

//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995

/1 Al rights reserved

/1 Include TRANSI M5 header files.

#i ncl ude <QUT/ Excepti on. h>

#i ncl ude <QUT/ Speci fi cati onReader . h>

#i ncl ude <QUT/ Gener al Speci fi cati onReader. h>

/1 Define the hash function for node ids.
static BC_|I ndex Nodel dHashVal ue(const Net Nodel d& i d)

{
return BC_| ndex(id);

/1 Define the hash function for link ids.
static BC_| ndex LinkldHashVal ue(const NetLinkld& id)

{
return BC_| ndex(id);

/1 Construct a general specification reader.
TQut Gener al Speci fi cati onReader: : TQut Gener al Speci fi cati onReader (
TCQut Speci fi cati onReader & r eader)
f Accessor (reader. Get Gener al Tabl e()),
f NodeAccessor (reader. Get NodeTabl e()),
f Li nkAccessor (reader. Get Li nkTabl e()),
f Processor Fi el d(reader. Get Gener al Tabl e() . Get Fi el d(" PROCESSCR") ),
f Root Fi el d(reader. Get Gener al Tabl e(). Get Fi el d("ROOT")),
f NameFi el d(reader. Get Gener al Tabl e(). Get Fi el d("NAVE")),
f M ni muni meFi el d(reader. Get General Tabl e(). GetFiel d("TIMEMN')),
f Maxi muniTi meFi el d(r eader. Get Gener al Tabl e() . Get Fi el d(" TI MEMAX")),
f Ti meSt epFi el d(reader. Get Gener al Tabl e(). Get Fi el d(" TI MESTP")),
f Ti meSanpl eFi el d(reader. Get Gener al Tabl e(). Get Fi el d(" Tl MESMP")),
f BoxLengt hFi el d(reader. Get General Tabl e() . Get Fi el d("BOXLEN")),
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f M ni mumAbsci ssaFi el d(reader. Get General Tabl e() . Get Fi el d(" ABSCI SSAMN") ),
f Maxi mumAbsci ssaFi el d(reader. Get Gener al Tabl e() . Get Fi el d(" ABSCl SSAMX") ),
f M ni munmOr di nat eFi el d(reader. Get General Tabl e() . Get Fi el d(" ORDI NATEMN") ),
f Maxi mumOr di nat eFi el d(reader. Get Gener al Tabl e() . Get Fi el d(" ORDI NATEMX") )
{
}

/!l Reset the iteration over the table.
voi d TQut Gener al Speci fi cati onReader: : Reset ()

f Accessor. GotoFirst();

/1 Get the next specification in the table.
voi d TQut Gener al Speci fi cati onReader: : Get Next Speci fi cati on()

f Accessor. Got oNext () ;

/1 Return whether there are any nore specifications in the table.
bool TQut Gener al Speci fi cati onReader: : MoreSpeci fications() const

return fAccessor.|sAt Record();

/1 Return the root of the specification.
string TQut General Specificati onReader:: Get Root () const

string root;
f Accessor. Get Fi el d(f Root Fi el d, root);
return root;

/1 Return the name of the specification.
string TQut General Speci fi cati onReader: : Get Nane() const

{
string nane;
f Accessor . Get Fi el d(f NameFi el d, nane);
return nane;

}

/1 Return the minimumtinme of the specification.
REAL TQut Gener al Speci fi cati onReader: : Get M ni nunili ne() const

REAL ti me;
f Accessor. Get Fi el d(fM ni nunti meFi el d, tine);
return tine;

/1 Return the maximumtime of the specification.
REAL TQut Gener al Speci fi cati onReader: : Get Maxi munili ne() const

REAL tine;
f Accessor . Get Fi el d(f Maxi munili meFi el d, tine);
return tinme;

/1 Return the tine step of the specification.
REAL TQut Gener al Speci fi cati onReader:: Get Ti mreSt ep() const

REAL ti ne;

f Accessor. GetFiel d(f Ti meStepField, tine);
return tinme;

/1 Return the time sanpling of the specification.
REAL TQut Gener al Speci fi cati onReader: : Get Ti nreSanpl e() const
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REAL ti ne;
f Accessor. Get Fi el d(f Ti meSanpl eField, tine);
return tine,

/1 Return the box length of the specification.
REAL TQut Gener al Speci fi cati onReader : : Get BoxLengt h() const

REAL | engt h;
f Accessor. Get Fi el d(f BoxLengt hFi el d, |ength);
return | ength;

/1 Return the geographic region of the specification.
TCGeoRect angl e TQut Gener al Speci fi cati onReader: : Get Regi on() const

REAL x0, x1, yO0, vy1,

f Accessor. Get Fi el d(f M ni mnumAbsci ssaFi el d, x0);

f Accessor. Get Fi el d(f Maxi mnumAbsci ssaFi el d, x1);

f Accessor. Get Fi el d(f M ni munOr di nat eFi el d, y0);

f Accessor. CGet Fi el d(f Maxi munmOr di nateField, yl1);

return TGeoRect angl e( TGeoPoi nt (x0, y0), TGeoPoint(x1, yl));

/1 Return the nodes in the specification.
TQut Gener al Speci fi cati onReader : : Nodel dSet

TQut Gener al Speci fi cati onReader: : Get Nodes() const
{

Nodel dSet nodes( Nodel dHashVal ue) ;

string current;

f Accessor. Get Fi el d(f NaneFi el d, current);
const TDbFi el d nameFi el d(" NAME") ;

const TDbFi el d nodeFi el d(" NCDE") ;

for (((TDbAccessor&) fNodeAccessor).GotoFirst(); ((TDbAccessor&)

f NodeAccessor) . | sAt Record(); ((TDbAccessor&)
f NodeAccessor) . Got oNext ()) {

string nane;

f NodeAccessor. Get Fi el d( narmeFi el d, nane);

if (nane == current) {
Net Nodel d i d;
f NodeAccessor. Get Fi el d(nodeField, id);
nodes. Add(i d);

}

return nodes;

/! Return the links in the specification.
TQut Gener al Speci fi cati onReader: : Li nkl dSet

TQut Gener al Speci fi cati onReader:: Get Li nks() const
{

Li nkl dSet | i nks(Linkl dHashVal ue);

string current;

f Accessor. Get Fi el d(f NameFi el d, current);
const TDbFi el d naneFi el d(" NAME") ;

const TDbField linkField("LINK");

for (((TDbAccessor&) fLinkAccessor).GotoFirst(); ((TDbAccessor&)

f Li nkAccessor).|sAt Record(); ((TDbAccessor&)
f Li nkAccessor) . Got oNext ()) {

string nane;

f Li nkAccessor. Get Fi el d( nanmeFi el d, nane);

if (nane == current) {
Net Li nkl d i d;
f Li nkAccessor. GetFiel d(linkField, id);
|'i nks. Add(i d);
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}

return |inks;

/1 Return the processor type in the specification. A TCQutlnvalidProcessor
/'l exception is thrown if the processor is not a valid type.
TCQut Gener al Speci fi cati onReader: : EProcessor Type

TQut Cener al Speci fi cati onReader: : Get Processor Type() const

{
string processor;
f Accessor. Get Fi el d(f ProcessorFi el d, processor);
if (processor == "Evolution")
return kEvol uti onProcessor;
else if (processor == "Event")
return kEvent Processor;
else if (processor == "Summary")
return kSunmaryProcessor;
el se
throw TQut I nval i dProcessor();
}
J. TOutintersectionObserver Class
1. IntersectionObserver.h
/1 Project: TRANSI M5
/1 Subsystem Sinulation Qutput
/Il $RCSfile: IntersectionCbserver.h,v $
/!l $Revision: 0.2 $
/1l $Date: 1996/06/19 17:27:07 $
/1 $State: Stab $
/1 $Author: bwb $
/1 U S Covernment Copyright 1995
/1 Al rights reserved

#i f ndef TRANSI M5_OUT_| NTOBS
#defi ne TRANSI M5_QOUT_| NTOBS

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Qbserver. h"
#i ncl ude "NET/Id. h"

/1 An intersection observer observes data related to intersections.
class TQutlntersecti onCbserver
publ i c TQut Cbserver
publi c:

/1 Construct an intersection observer
TQut I ntersecti onCbserver (Qut Cbserverld id);

/1 Destruct an intersection observer.
virtual ~TQutlntersectionCbserver();

pr ot ect ed:

/1 Define values for the fields being observed.
/1 The Qbserve nmethod will use these nethods.

/1 Define the vehicle' s id.
void Setld(U NT id);

/1 Define the id of the link the vehicle entered from
voi d Set Li nk(NetLinkld link);

/1 Define the | ane nunber the vehicle entered from
voi d Set Lane(Net LaneNunber | ane);

/1 Define the id of the node the intersection is associated wth.
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voi d Set Node( Net Nodel d node);
/1 Define the index of the vehicle' s position in the queue.

voi d Set Q ndex(BYTE i ndex);
H

#endi f // TRANSI M5_QOUT_I NTOBS

2. IntersectionObserver.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/Il $RCSfile: IntersectionCbserver.C v $
/!l $Revision: 0.2 $

/1 $Date: 1996/06/19 17:26:43 $

/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved

/1 Include TRANSI M5 header files.

#i nclude "QUT/ I ntersecti onCbserver. h"
#i ncl ude "QUT/ Record. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct an intersection observer

TCQut I ntersecti onQobserver:: TQutl ntersecti onObserver (Qut Cbserverld id)
: TQut Cbserver (id)

{

Set Ti me(-99.);
Set1d(-99);

Set Li nk(-99);
Set Lane(-99);
Set Node(-99);
Set Q ndex(-99);

/1 Destruct an intersection observer.
TQut I ntersecti onGoserver:: ~TQut | ntersecti onQoserver ()

{
}

/1 Define the vehicle's id.
void TQutlIntersecti onCbserver:: Setld(U NT id)

Get Record() . Set Fi el d(kVehicleField, id);

/1 Define the id of the link the vehicle entered from
void TCQutlntersecti onCbserver:: SetLink(NetLinkld id)

Get Record() . Set Fi el d(kLi nkField, id);

/1 Define the | ane nunber the vehicle entered from
voi d TQutlntersecti onObserver:: Set Lane( Net LaneNunber n)

Get Record() . Set Fi el d(kLaneFi eld, n);

/1 Define the id of the node the intersection is associated with.
void TCQutlntersecti onCbserver:: Set Node( Net Nodel d i d)

Get Record() . Set Fi el d( kNodeFi el d, id);
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/1 Define the index of the vehicle' s position in the queue.
voi d TQutlntersecti onQbserver:: Set Q ndex(BYTE i)

{
}

Get Record() . Set Fi el d(kQ ndexField, i);

K. TOutLinkEvolutionObserver Class

1. TOutLinkEvolutionObserver.h

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put

$RCSfi |l e: LinkEvol uti onCbserver.h,v $
$Revision: 0.4 $

$Date: 1996/ 06/19 17:28:06 $

$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995

Al rights reserved

~ e~ e — e~~~ —
~— e e — e~~~ —

#i f ndef TRANSI MS_OUT_LI NKEVOLOBS
#def i ne TRANSI M5_OUT_LI NKEVOLOBS

/'l Include TRANSI M5 header files.
#i ncl ude "QUT/ Qbserver. h"

/1 A link evolution observer observes evolving data related to |inks.
cl ass TQut Li nkEvol uti onCbserver
publ i c TQut Cbserver

publi c:

/1l Construct a link evol ution observer.
TQut Li nkEvol uti onOoserver (Qut Gbserverld id);

/1 Destruct a link evolution observer.
virtual ~TCQutLi nkEvol uti onCbserver();

b
#endi f // TRANSI MS_OUT_LI NKEVOLOBS

2. TOutLinkEvolutionObserver.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put

$RCSfil e: LinkEvol uti onCbserver.C v $
$Revision: 0.4 $

$Date: 1996/ 06/ 19 17:27:49 $

$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995

Al rights reserved

~ e e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude " QUT/ Li nkEvol uti onCbserver. h"

/1l Construct a link evolution observer.

TQut Li nkEvol uti onQoserver:: TQut Li nkEvol uti onCoserver (Qut Goserverld id)
: TCQut Cbserver (i d)

{

}

// Destruct a link evolution observer.

TCut Li nkEvol uti onQbserver: : ~TQut Li nkEvol uti onCbserver ()

}
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L. TOutLinkSpaceObserver Class

1. LinkSpaceObserver.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfil e: LinkSpaceCbserver.h,v $
$Revision: 0.1 $

$Date: 1996/06/19 17:29:18 $
$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~~~ e~~~ —
~ e~ e~ — e~~~ —

#i f ndef TRANSI MS_OUT_LI NKSPACEOBSERVER
#def i ne TRANSI MS_OUT_LI NKSPACEOBSERVER

/1 I nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCCol | U. h>

/'l Include TRANSI M5 header files.
#i ncl ude "QUT/ Qbserver. h"
#i ncl ude "NET/1d. h"

/1 A link space observer summarizes vehicle spatial data on a link.
cl ass TQut Li nkSpaceChser ver
publ i c TQut Cbserver
public:

// Construct a link space observer.
TCut Li nkSpaceCbser ver (Qut Cbserverld id);

/1 Destroy a link space observer.
virtual ~TQutLinkSpaceCObserver();

pr ot ect ed:

//  Return whether the observer has been initialized.
bool Islnitialized() const;

/1 Cdear the box data for the observer.
voi d O earBoxData();

/1 Set the link id.
voi d SetLi nk(NetLinkld id);

/1 Set the departure node id.
voi d Set Node( Net Nodeld id);

/1 Set the link, box, and cell I|engths.

voi d SetLengths(REAL |inkLength, REAL boxLength, REAL cellLength = 0);

/1 Add a vehicle.
voi d AddVehi cl e( REAL di stance, REAL velocity);

/1  Report the observations to the specified processor.
voi d Report Qbservati ons(TCQut Processor & processor);

private:

/1 A box datum stores the tally for a box.
cl ass TBoxDat um

public:
/1 Construct a box datum

TBoxDat um()
f Count (0),
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fVel ocityTotal (0)
{
}
/1 Make the box datum a copy of the specified box datum
/ / TBoxDat unm( const TBoxDat um& boxDat unj ;

/1 Assign a box datum
/ / TBoxDat un& oper at or =(const TBoxDat un& boxDat unj;

/1 Test equality of box datuns.
bool operator==(const TBoxDatum& boxDatum const

return this == &boxDatum

/1 Test inequality of box datuns.
bool operator!=(const TBoxDat un& boxDat un) const

{
return this != &boxDatum

// Clear the data in a box.
void Cear()

{
f Count = 0;
fVelocityTotal = 0;
}

// Add a neasurenment to the box datum
voi d Add(REAL vel ocity)
{

fCount += 1;
fVel ocityTotal += velocity;

}

/1  Return the count.
U NT Get Count () const

return fCount;

}

/!l Return the velocity total.
REAL Get Vel ocityTotal () const

return fVel ocityTotal ;

}

private:

/1 Each box has a vehicle count.
U NT f Count;

/1 Each box has a velocity total.
REAL f Vel ocityTotal ;

}s

/1 Type definitions.
typedef BC_TUnboundedCol | ecti on<TBoxDat um BC_CiManaged> BoxDat untCol | ecti on;

/'l Each observer has a link |ength.
REAL fLi nkLengt h;

/1 Each observer has a box |ength.
REAL f BoxLengt h;

/1 Each observer has box data.
BoxDat untCol | ecti on f BoxDat a;

b
#endif // TRANSI MS_OUT_LI NKSPACECBSERVER

2. LinkSpaceObserver.C
/1 Project: TRANSIMS
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/1 Subsystem Sinulation Cutput

/1  $RCSfile: LinkSpace(oserver.C v $
/1 $Revision: 0.2 $

/1 $Date: 1996/06/20 14:32:15 $

//  $State: Rel $

/1 $Author: bwb $

/1 US. Governnent Copyright 1996

/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Li nkSpaceCbserver. h"
#i ncl ude " QUT/ Sunmar yProcessor. h"
#i ncl ude "QUT/ Record. h"

#i ncl ude "QUT/ Nanes. h"

// Construct a link space observer.

TCQut Li nkSpaceQbser ver: : TQut Li nkSpaceObser ver (Qut Gbserverld id)
: TQut Cbserver (id)

{

}

/1 Destroy a link space observer.
TQut Li nkSpaceObser ver: : ~TQut Li nkSpaceQbser ver ()

}

/1 Return whether the observer has been initialized.
bool TQut Li nkSpaceCbserver::Islnitialized() const

return !fBoxData.lsEnpty();

/!l Cdear the box data for the observer.
voi d TQut Li nkSpaceQoserver: : C ear BoxDat a()

f BoxDat a. C ear () ;

for (int i = 0; i < fLinkLength / fBoxLength; ++i)
f BoxDat a. Append( TBoxDat un() ) ;

/1 Set the link id.
voi d TCut Li nkSpaceQbserver: : Set Li nk( Net Li nkl d i d)

Get Record() . Set Fi el d(kLi nkField, id);

/1 Set the link, box, and cell |engths.

voi d TQut Li nkSpaceQbserver:: Set Lengt hs(REAL |inkLength, REAL boxLength,
cel | Lengt h)
if (celllLength == 0)
fLi nkLength = |inkLengt h;
el se {

fLinkLength = cellLength * int(linkLength / cellLength);
i f (fLinkLength ==
fLi nkLength = cel | Lengt h;
}
f BoxLengt h = boxLengt h;

Cl ear BoxDat a() ;

/1 Set the departure node id.
voi d TCut Li nkSpaceObser ver: : Set Node( Net Nodel d i d)

Get Record() . Set Fi el d( kNodeFi el d, id);
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/] Add a vehicle.
voi d TQut Li nkSpaceCbserver: : AddVehi cl e(REAL di stance, REAL vel ocity)

const int i = int((fLinkLength - distance) / fBoxLength);
fBoxData[i].Add(vel ocity);

/1l Report the observations to the specified processor.

voi d TQut Li nkSpaceObserver: : Report Gbservati ons( TQut Processor & processor)

{

for (int i =0; i < fLinkLength / fBoxLength; ++i) {

TCQut Record& record = Get Record();
record. Set Fi el d(kDi stanceFi el d, fLinkLength - i * fBoxLength);
record. Set Fi el d(kCount Fi el d, fBoxData[i].GetCount());
record. Set Fi el d(kSunfi el d, fBoxData[i].GetVelocityTotal ());
((TQut Summar yPr ocessor & processor). RecordSpace(*this);

M. TOutLinkTimeObserver Class

1. LinkTimeObserver.h

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfi |l e: LinkTi neCoserver.h,v $
$Revision: 0.1 $

$Date: 1996/ 06/19 17:30:28 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1996
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i f ndef TRANSI MS_OUT_LI NKTI MEOBSERVER
#def i ne TRANSI MS_OUT_LI NKTI MEOBSERVER

/1 1nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCCol | U. h>

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Qbserver. h"
#i ncl ude "NET/Id. h"

/1 Alink tine observer records vehicle travel tinmes on a link.
cl ass TQut Li nkTi neCbser ver
publ i c TQut Cbserver
publi c:

/1l Construct a link time observer.
TQut Li nkTi meQoserver (Qut Goserverld id);

/1 Destroy a link tine observer.
virtual ~TCQutLinkTi meCbserver();

/1 Add a vehicle.
voi d AddVehi cl e(REAL tine);

pr ot ect ed:

// Clear the data for the observer.
void O earData();

/1 Set the link id.
voi d Set Li nk(NetLinkld id);

/1 Set the departure node id.
voi d Set Node( Net Nodeld id);
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/'l Report the observations to the specified processor.
voi d Report Qbservati ons(TCQut Processor & processor);

private:

/!  Each link time observer has a vehicle count.
U NT f Count;

/1 Each link tinme observer has a total of travel tines.
REAL f Sum

/1 Each link time observer has a total of travel tine squares.
REAL f SunBSquar es;

#endi f // TRANSI M5_OUT_LI NKTI MEOBSERVER

2. LinkTimeObserver.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfil e: LinkTi neCbserver.C v $
$Revision: 0.2 $

$Date: 1996/ 06/ 20 14:32:15 $
$State: Rel $

$Aut hor: bwb $

U. S. Governnent Copyright 1996
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude " QUT/ Li nkTi neQoser ver. h"
#i ncl ude " QUT/ Sunmar yProcessor. h"
#i ncl ude "QUT/ Record. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct a link tine observer.
TQut Li nkTi meQoser ver: : TQut Li nkTi meCobser ver (Qut Gbserverld id)
: TCQut Cbserver (id),
f Count (0),
f Sum(0),
f SunSquar es( 0)

/1 Destroy a link tine observer.
TCut Li nkTi meQoser ver: : ~TQut Li nkTi mneCbser ver ()

}

I/l Cear the data for the observer.
voi d TCut Li nkTi meQbser ver:: d ear Dat a()

f Count = O;

fSum = 0;
f SunSquares = O;

/1 Set the link id.
voi d TQut Li nkTi neQoserver:: SetLi nk(NetLinkld id)

Get Recor d() . Set Fi el d(kLi nkField, id);

/1 Set the departure node id.
voi d TQut Li nkTi neCbser ver: : Set Node( Net Nodel d i d)

{
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Get Record(). Set Fi el d(kNodeField, id);

/1 Add a vehicle.
voi d TQut Li nkTi neCbser ver: : AddVehi cl e(REAL ti ne)

f Count += 1;
fSum += tine;
f SunSquares += tinme * tine;

/1  Report the observations to the specified processor.
voi d TQut Li nkTi meQoserver: : Report Gbservati ons( TQut Processor & processor)
{

TCQut Record& record = Get Record();

record. Set Fi el d(kCount Fi el d, fCount);

record. Set Fi el d(kSunFi el d, fSun;

record. Set Fi el d(kSunSquar esFi el d, f Sunfquar es);

((TQut Summar yProcessor & processor). RecordTime(*this);

N. TOutNodeEvolutionObserver Class

1. NodeEvolutionObserver.h

/1 Project: TRANSI M5

/1 Subsystem Sinmulation Qutput

/Il $RCSfile: NodeEvol uti onCbserver.h,v $
/!l $Revision: 0.2 $

/1l $Date: 1996/06/19 17:32:17 $

/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved

#i fndef TRANSI MS_OUT_NCDEEVOLOBS
#define TRANSI M5_OUT_NODEEVOLOBS

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Qbserver. h"

/1 A node evol ution observer observes evolving data related to nodes.
cl ass TQut NodeEvol uti onCbserver
publ i c TQut Cbserver

public:

// Construct a node evol ution observer.
TCQut NodeEvol uti onCbserver (CQut Coserverld id);

/1 Destruct a node evol ution observer.

virtual ~TQut NodeEvol uti onCbserver();
}

#endi f // TRANSI M5_OUT_NODEEVOLOBS

2. NodeEvolutionObserver.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/Il $RCSfile: NodeEvol uti onCbserver.C, v $
/!l $Revision: 0.2 $

/1 $Date: 1996/06/19 17:31:59 $

/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995

/1 Al rights reserved
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/'l Include TRANSI M5 header files.
#i ncl ude " QUT/ NodeEvol uti onCbserver. h"

/1l Construct a node evol ution observer.

TCQut NodeEvol uti onOoserver: : TOut NodeEvol uti onCoserver (Qut Goserverld id)
: TCQut Cbserver (i d)

{

}

/1 Destruct a node evol ution observer.

TCQut NodeEvol uti onQbserver: : ~TQut NodeEvol uti onObserver ()
{

}

O. TOutObserver Class

1. Observer.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Observer.h,v $
$Revision: 0.4 $

$Date: 1996/06/19 17:33:26 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i f ndef TRANSI M5_OUT_OBSERVER
#def i ne TRANSI M5_OUT_OBSERVER

/'l Include TRANSI M5 header files.
#i ncl ude "GBL/d obal s. h"

#i ncl ude "QUT/ 1 d. h"

#i ncl ude "QUT/ Record. h"

/1 1nclude Booch Conponent header files.
#i ncl ude "BCStoreM h"
#i ncl ude "BCMapU. h"

/1 Forward decl arations.
cl ass TQut Processor;

/1 An observer converts data fromthe object to which it is attached
/1 into the generic formunderstood by the output subsystem
cl ass TQut Cbserver
{
public:

/1 Type definitions

typedef BC_TUnboundedMap<TCQut Processor*, TCQut Cbserver*, 1U, BC_CManaged>
oser ver Map;

typedef BC_TMapActi vel terator<TQut Processor*, TCQut Cbserver*>
oserver Mapl terator;

/1 Construct an observer.
TCQut Gbserver (Qut Goserverld id);

/1l Destruct an observer.
virtual ~TQut Cbserver();

/  An observer has an observe function for noting the values of data
/  nmenbers of interest in the observed object.

/  This virtual function in the basic representation nust be

/ overridden in the view

~——
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virtual void Qbserve(const void* object, const TCQutProcessor& processor) =
0;

//  Return the observer’s id.
Qut Cbserverld Getld();
const Qut Observerld Getld() const;

/1 Return the associated record.
TCQut Recor d& Get Record();
const TQut Record& Get Record() const;

/! Return the next unused observer id.
static Qut Cbserverld GetNextld();

pr ot ect ed:

/1 Define the record s tine.
voi d Set Ti me( REAL tine);

private:

// Do not allow observers to be copied.
TCQut bserver (const TQut Gbserver&) {}

/1 Do not allow observers to be assigned.
TQut Qbserver & oper at or =(const TQut Cbserver&) {return *this;}

/1 An observer has an id.
Qut Cbserverld fld;

/1 An observer has an output record.
TCQut Record f Record;

/1 Keep track of the next observer id.
static Qut Gbserverld fNextld;

#endi f // TRANSI M5_OUT_OBSERVER

2. Observer.C

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Cbserver.C v $
$Revision: 0.5 $

$Date: 1996/06/19 17:32:51 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude "QUT/ Qbserver. h"
#i ncl ude " QUT/ Nanes. h"

/1 Include C header files.
#i ncl ude <stddef. h>

/1 Keep track of the next observer id.
Qut Cbserverld TCQut Cbserver::fNextld = 1000;

/1 Construct an observer.

TCQut Goserver: : TQut Gbserver (Qut Gbserverld id)
fld(id),
f Record()

/1 Destruct an observer.

LA-UR-97-1226



TCQut bserver: : ~TQut Gbser ver ()
{
}

/1 Return the observer’s id.
Qut Cbserver | d TQut Gbserver:: Getld()

return fld;

}
const Qut Gbserverld TQut Gbserver:: Getld() const

return fld;

/1 Return the associated record.
TCQut Recor d& TQut Qbserver: : Get Record()

return fRecord;

}
const TQut Recor d& TQut Qbserver:: Get Record() const
{

return fRecord;

//  Return the next unused observer id.
Qut Cbserver |l d TOut Gbserver:: Get Next | d()

return fNext|d++;

/1 Define the record s tine.
voi d TCQut Cbserver:: Set Ti me( REAL ti ne)

{

Get Record() . Set Fi el d(kTi meField, tine);
}
P. TOutProcessor Class
1. Processor.h
/1 Project: TRANSIMS
/1 Subsystem Sinulation CQutput
I/l $RCSfile: Processor.h,v $
//  $Revision: 0.4 $
/] $Date: 1996/06/19 17:34:39 $
//  $State: Stab $
/1 $Author: bwo $
/1 US. Governnent Copyright 1995
/1 Al rights reserved

# fndef TRANSI MS_OUT_PROCESSOR
#def i ne TRANSI MS_OUT_PROCESSCOR

/'l Include TRANSI M5 header files.

#i ncl ude "GBL/ d obal s. h"

#i ncl ude "QUT/ 1 d. h"

#i ncl ude " QUT/ Gener al Speci fication. h"

/1 An output processor coordinates the processing of domain infornmation

/1 into a domain-independent representation that is filtered and summarized
/1 before storage.

cl ass TCQut Processor

public:
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/1 Processor types.
enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSunmar yPr ocessor};

/1 Construct a processor.
TQut Processor (Qut Processorld id, const TQut CGeneral Specification&
specification);

/1 Destruct a processor.
virtual ~TQutProcessor();

/1 Return the processor type.
virtual EProcessor Type CGetProcessor Type() const = O;

/1 Begin recording output for this tine.
virtual void RecordQutput(REAL tine) = O;

/1 Return the processor’s id.
Qut Processorld Getld();
const QutProcessorld Getld() const;

/1 Return the next unused processor id.
static QutProcessorld GetNextld();

/'l Return general specification.

TQut Gener al Speci fi cati on& CGet General Specification ();

const TQut Gener al Speci ficati on& Get General Specification() const;
private:

/1 Do not allow processors to be copi ed.
/1 TQut Processor (const TQut Processor&) {}

/1 Do not allow processors to be assigned.
TQut Processor & operator=(const TQutProcessor& {return *this;}

/1 A processor has an id.
Qut Processorld fld;

Il A processor has a general output specification.
TQut Gener al Speci fication fGeneral Specification;

/1 Keep track of next processor id.

static QutProcessorld fNextld,
}

#endi f // TRANSI M5_OUT_PROCESSOR

2. Processor.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/Il $RCSfile: Processor.C,v $

I/l $Revision: 0.4 $

/1 $Date: 1996/06/19 17:34:19 $
/1 $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995
/1 Al rights reserved

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Processor. h"

/1 Initialize the next processor id.
Qut Processorld TQutProcessor::fNextld = 1;

//  Return the next unused processor id.
Qut Processor | d TQOut Processor:: Get Next | d()

{
}

return fNextl|d++;
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/1 Construct a processor.
TQut Processor:: TQut Processor (Qut Processorld id, const TQut General Specification&
spec)
flrd(id),
f Gener al Speci fi cati on(spec)

/] Destruct a processor.
TCQut Processor: : ~TQut Processor ()

}

/! Return the processor’s id.
Qut Processor | d TOut Processor:: Getld()

return fld;

}

const QutProcessorld TQutProcessor:: Getld() const

return fld;

/1 Return the general specification.
TQut Gener al Speci fi cati on& TQut Processor: : Get Gener al Speci fication()

return fGeneral Specification;

}

const TQut General Speci ficati on& TQut Processor:: Get Gener al Speci fication() const

return fGeneral Specification;

Q. TOutRecord Class

1. Record.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: Record.h,v $
$Revision: 0.6 $

$Date: 1996/06/19 17:35:23 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

#i f ndef TRANSI MS_OUT_RECORD
#def i ne TRANSI MS_OUT_RECORD

/1 1nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCMapU. h>

/1 Include DBtools.h++ header files.
#i ncl ude <rw db/val ue. h>

/1 Fix for Booch Maps.
inline int operator!=(const RADBVal ue& a, const RWDBVal ue& b)

{
}

return !a.isEqual (&b);
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/1 Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

/1 This class is used for storing the values of a collection of fields.
cl ass TQut Record

publi c:

/1 Type definitions.
typedef BC_TUnboundedMap<const string, RWDBVal ue, 30U, BC_Cianaged>
Fi el dvap;
typedef BC_TMapActivelterator<const string, RWBVal ue> Fiel dvaplterator;

/1 Field types.

enum Type {kNoType = RWDBVal ue: : NoType, kChar = RWDBVal ue:: Char,
kUnsi gnedChar = RWDBVal ue: : Unsi gnedChar, kShort = RWDBVal ue:: Short,
kUnsi gnedShort = RWDBVal ue: : Unsi gnedShort, klnt = RWDBVal ue::Int,
kUnsi gnedl nt = RWDBVal ue: : Unsi gnedl nt, kLong = RWDBVal ue: : Long,
kUnsi gnedLong = RWDBVal ue: : Unsi gnedLong, kFl oat = RWDBVal ue: : Fl oat,
kDoubl e = RADBVal ue: : Doubl e, kString = RWDBVal ue:: String};

/1 Construct a record.
TCQut Record();

/1 Make a copy of the given record.
/1 TQut Record(const TQut Record& record);

/1  Make the record a copy of the given record.
/1 TQut Recor d& oper at or =(const TQut Recor d& record);

/1 Set the value of the specified field.

void SetField(const string& field, char value);

voi d SetField(const string& field, unsigned char val ue);
void SetField(const string& field, short value);

voi d SetField(const string& field, unsigned short value);
void SetField(const string& field, int value);

voi d SetField(const string& field, unsigned int value);
void SetField(const string& field, |ong value);

void SetField(const string& field, unsigned |ong val ue);
void SetField(const string& field, float value);

voi d SetField(const string& field, double value);

voi d SetField(const string& field, const string& value);
voi d SetField(const string& field);

/1l Get the value of the specified field.

void GetField(const string& field, char& val ue) const;

void GetField(const string& field, unsigned char& val ue) const;
void GetField(const string& field, short& value) const;

void GetField(const string& field, unsigned short& val ue) const;
void GetField(const string& field, int& value) const;

void GetField(const string& field, unsigned int& value) const;
void GetField(const string& field, |ong& value) const;

void GetField(const string& field, unsigned | ong& val ue) const;
void GetField(const string& field, floaté& value) const;

void GetField(const string& field, double& value) const;

void GetField(const string& field, string& value) const;

//  Return the type of the specified field.
Type CGet Type(const string& field) const;

/1 Return the map for the record.
Fi el dMap& Get Map();
const Fi el dMap& Get Map() const;

// Return an iterator for the record s nap.
Fi el dvapl terator Getlterator() const;

private:
/! Each record has a field map holding the current values of the fields.

Fi el dvap fFi el ds;
b
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#endif // TRANSI M5_OUT_RECCRD

2. Record.C

U S. Govern
Al rights

/'l Include TRANSI M5 header files.

$Author: bwb $
nent Copyright 1995

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput
/1l $RCSfile: Record.C v $

//  $Revision: 0.5 $

/1l $Date: 1996/06/19 17:35:17 $
//  $State: Stab $

/1

/1

/1

reserved

#i ncl ude <QUT/ Record. h>

/1 Define the hash function for strings.

static BC_|Index StringHashVal ue(const string& s)

return Hash

/1l  Construct a
TQut Record: : TQu
fFields(Str

{
}

/1 Set the value of the specified field.
voi d TQut Record:: SetFi el d(const string& field,

if (fFields.
fFields.

el se

fFields.

}

voi d TCQut Record:

if (fFields.
fFields.

el se

fFields.

}

voi d TQut Record:

if (fFields.
fFields.

el se

fFields.

}

voi d TQut Record:

if (fFields.
fFields.

el se

fFi el ds.

}

voi d TQut Record:

if (fFields.
fFi el ds.

el se

fFi el ds.
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Val ue(s);

record.
t Record()
i ngHashVal ue)

| sBound(field))

| sBound(field))

I sBound(field))

I sBound(field))

I sBound(field))

Bi nd(field, RWBVal ue(val ue));

: Set Fi el d(const string& field,

Bi nd(field, RWBVal ue(value));

:Set Field(const string& field,

Bi nd(field, RWBVal ue(val ue));

:Set Field(const string& field,

Bi nd(field, RWBVal ue(value));

:Set Field(const string& field,

Bi nd(field, RWBVal ue(val ue));

char val ue)

Rebi nd(fi el d, RADBVal ue(val ue));

unsi gned char val ue)

Rebi nd(fi el d, RWADBVal ue(val ue));

short val ue)

Rebi nd(fi el d, RWADBVal ue(val ue));

unsi gned short val ue)

Rebi nd(fi el d, RWADBVal ue(val ue));

int val ue)

Rebi nd(fi el d, RWDBVal ue(val ue));
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voi d TQut Record: : SetFi el d(const string& field, unsigned int val ue)

if (fFields.|sBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWBValue(value));

}
voi d TQut Record: : SetFi el d(const string& field, |ong val ue)

if (fFields.|sBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWRBValue(value));

}
voi d TQut Record:: SetFi el d(const string& field, unsigned | ong val ue)

if (fFields.|sBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWBValue(value));

}
voi d TQut Record:: SetFi el d(const string& field, float val ue)

if (fFields.|sBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWBValue(value));

}
voi d TQut Record:: SetFi el d(const string& field, double val ue)

if (fFields.|sBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWBValue(value));

}
void TQut Record: : Set Fi el d(const string& field, const string& val ue)

if (fFields.lsBound(field))

fFi el ds. Rebi nd(field, RWBVal ue(val ue));
el se

fFields.Bind(field, RWBValue(value));

}
void TQut Record: : Set Fi el d(const string& field)

if (fFields.lsBound(field))

f Fi el ds. Rebi nd(field, RWBValue());
el se

fFields.Bind(field, RWBValue());

/1 Get the value of the specified field.
void TQut Record: : GetField(const string& field, char& val ue) const

const RWDBVal ue* const p = fFields.ValueO(field);
if (p!= NULL && p->canConvert ( RADBVal ue: : Char))
val ue = p->asChar();
el se
val ue = 0;

}
void TQut Record: : GetFi el d(const string& field, unsigned char& val ue) const

const RWDBVal ue* const p = fFields.ValueO(field);

if (p!= NULL && p->canConvert ( RADBVal ue: : Unsi gnedChar))
val ue = p->asUnsi gnedChar ();

el se
val ue = 0;
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voi d TQut Record:: GetFi el d(const string& field, short& value) const

const RWDBVal ue* const
if (p!= NULL && p->canConvert ( RADBVal ue: : Short))

p = fFields.ValueO (field);

voi d TQut Record: : GetFi el d(const string& field, unsigned short& val ue) const

p = fFields.Valuet (field);

if (p!= NULL && p->canConvert ( RADBVal ue: : Unsi gnedShort))

val ue = p->asShort();
el se
val ue = 0;
}
{
const RWDBVal ue* const
val ue = p->asUnsi gnedShort();
el se
val ue = 0;
}

void TQut Record: : GetFiel d(const string& field, int& value) const

const RWDBVal ue* const
if (p!= NULL && p->canConvert(RW\DBVal ue::Int))

p->asint();

0;

p = fFields.ValueO (field);

voi d TQut Record:: GetFi el d(const string& field, unsigned int& val ue) const

const RWDBVal ue* const
if (p!= NULL && p->canConvert ( RADBVal ue: : Unsi gnedl nt))
val ue = p->asUnsi gnedint();

val ue
el se
val ue
}
{
el se
val ue = 0;
}

p = fFields.Valuet (field);

void TQut Record: : GetField(const string& field, |ong& value) const

const RWDBVal ue* const
if (p!= NULL && p->canConvert ( RADBVal ue: : Long))

p = fFields.ValueO(field);

void TQut Record: : GetField(const string& field, unsigned | ong& val ue) const

p = fFields.ValueO (field);

if (p!= NULL && p->canConvert ( RADBVal ue: : Unsi gnedLong))

val ue = p->asLong();
el se
val ue = 0;
}
{
const RWDBVal ue* const
val ue = p->asUnsi gnedLong();
el se
val ue = 0;
}

void TQut Record: : GetFiel d(const string& field, float& value) const

const RWDBVal ue* const
if (p!= NULL && p->canConvert (RADBVal ue:: Fl oat))

p = fFields.ValueO(field);

void TQut Record: : GetFiel d(const string& field, double& value) const

p = fFields.ValueO (field);

if (p!= NULL && p->canConvert ( RADBVal ue: : Doubl e))

val ue = p->asFl oat();
el se
val ue = 0;
}
{
const RWDBVal ue* const
val ue = p->asDoubl e();
el se
val ue = 0;
}

voi d TQut Record:: GetFi el d(const string& field, string& value) const

const RWDBVal ue* const
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if (p!= NULL & p->canConvert ( RADBVal ue:: String))
val ue = p->asString();

el se
value = "";

/1 Return the type of the specified field.
TCQut Record: : Type TQut Record: : Get Type(const string& field) const

{
const RWDBVal ue* const p = fFields.ValueO (field);

return p !'= NULL ? (Type) p->type() : kNoType;

/1 Return the map for the record.
TCQut Record: : Fi el dMap& TQut Recor d: : Get Map()

{

return fFields;

const TQut Record:: Fi el dMap& TQut Record: : Get Map() const
{

return fFields;

I/l Return an iterator for the record s map.
TCQut Record: : Fi el dvaplterator TQut Record:: Getlterator() const

{
return Fi el dvaplterator(fFields);

R. TOutRetriever Class

1. Retriever.h

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: Retriever.h,v $

/1 $Revision: 0.3 $

/1 $Date: 1996/06/19 17:36:07 $
/] $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995
/1 Al rights reserved

#i fndef TRANSI MS_OUT_RETRI EVER
#defi ne TRANSI MS_OUT_RETRI EVER

/1 Include TRANSI M5 header files.

#i ncl ude <GBL/d obal s. h>

#i ncl ude <NET/ Net wor k. h>

#i ncl ude <QUT/ Gener al Speci fi cati on. h>
#i ncl ude <QUT/ Record. h>

#i ncl ude <QUT/ St or age. h>

#i ncl ude <QUT/Witer. h>

/1 An output retriever acts as an interface to coordinate the retrieval of
// data stored in a simulation.
class TQut Retriever

publi c:

/1 Destroy the retriever.
virtual ~TQutRetriever() {}

/1 Performthe retrieval.
/1 virtual void Retrieve() = 0;

pr ot ect ed:
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/1 Construct a retriever based on the given specification and network.
TQut Retri ever (const TQut Gener al Speci ficati on& specification, const
TNet Net wor k* network = NULL);

/1 Return the general specification.
TQut Gener al Speci fi cati on& Get General Speci fication();
const TQut Gener al Speci ficati on& Get General Specification() const;

/1 Return the network, if any.
const TNet Net wor k* Get Net wor k() const;

/!l Retrieve data fromthe specified storage and put it in the specified

/1 witer, sorting it if indicated, and performing time and space filtering

/1 if indicated.

voi d Basi cRetrieve(TCQut Storage& storage, TQutWiter& witer, bool sort, bool
filter = TRUE);

private:

/1 Do not allowretrievers to be copied.
/1 TQutRetriever(const TQutRetriever& {}

/1 Do not allowretrievers to be assigned.
TQut Retri ever & operator=(const TQutRetriever& {return *this;}

/1 Each retriever has a general specification.
TQut Gener al Speci fication fCeneral Specification;

/1 Each retriever may refer to a network.
const TNet Net wor k* f Net wor k;

b
#endi f // TRANSI MS_OUT_RETRI EVER

2. Retriever.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: Retriever.C v $
$Revision: 0.3 $

$Date: 1996/06/19 17:35:56 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

#i ncl ude <QUT/ Nanes. h>

#i ncl ude <QUT/ Retriever. h>

/1 Construct a retriever based on the given specification.
TQut Retriever:: TQut Retri ever (const TOQut General Speci ficati on& specification,
const TNet Net wor k* net wor k)
f Gener al Speci fi cation(specification),
f Net wor k( net wor k)

/1 Return the general specification.
TQut Gener al Speci ficati on& TQut Retri ever:: Get Gener al Speci fication()

{

}
const TQut General Specification& TQut Retriever:: Get General Specification() const

return fGeneral Specification;

return fGeneral Specification;
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/1 Return the network, if any.
const TNet Net wor k* TQut Retriever:: Get Networ k() const
{

}

return fNetwork;

/!l Retrieve data fromthe specified storage and put it in the specified

/1 witer, sorting it if indicated, and performing time and space filtering

/1 if indicated.

voi d TQut Retriever::BasicRetrieve(TCQut Storage& storage, TQutWiter& witer,
bool sort, bool filter)

{

/1 Allocate caches.

const int nh = storage. GetHosts().Extent();

TCQut St or age: : Host Handl e* handl eCache = new TCut St or age: : Host Handl e[ nh] ;
TCQut Record* recordCache = new TCQut Record[ nh];

// Setup caches.
TCQut Record record;
TQut St orage: : Host Set I terator i (storage. Get Hosts());
int h =0;
for (i.Reset(); !'i.lsDone(); i.Next()) {

const string& host = *i.Currentlten();

st orage. Seek(host, TQut St orage: : kBegi n);

st or age. ReadHeader (host, record);

handl eCache[ h++] = storage. Get Host Handl e( host) ;
}

/1 Setup output.
TQutWiter::FieldCollection fields;
for (TQutRecord::FieldMvaplterator f = record.Getlterator(); !f.IsDone();
f.Next())
fields. Append(*f.Currentlten());

const TQut General Specification& specification = GetGeneral Specification();

/1 Sort the output if necessary.
if (sort) {

REAL currentTi me = TQut General Specification::kMnusinfinity;
REAL ti ne;
Net Li nkl d i nk;
for (h =0; h < nh; ++h) {
recordCache[ h] = record;
st or age. Read( handl eCache[ h], recordCache[h]);
}
do {
current Time = TQut General Speci fication::kMnuslnfinity;
for (h = 0; h < nh; ++h)
i f (storage. At End( handl eCache[ h]))
br eak;
recordCache[ h]. Get Fi el d(kTi meFi el d, tine);
currentTinme = currentTine < tine ? currentTinme : tine;

}

if (currentTine == TCQut Gener al Speci fication::kMnuslnfinity)
br eak;

for (h = 0; h < nh; ++h)
TQut Recor d& cachedRecord = recordCache[ h];
do {

cachedRecord. Get Fi el d(kTi meField, tine);
cachedRecord. Get Fi el d(kLi nkFi el d, 1ink);
i f (storage. At End(handl eCache[h]) || time != currentTi nme)

br eak;
/11 SSUE(bwb): no geographic filtering yet.
if (filter &% specification.CollectForTine(tine) &
speci fication. Col | ect ForLi nk(Ilink))
witer.Wite(cachedRecord, fields);
st or age. Read( handl eCache[ h], cachedRecord);
} while(TRUE);

} while (TRUE);

/1 Otherw se, copy the data fromthe storage to the witer.
} else {

LA-UR-97-1226

92



REAL ti ne;
Net Li nkl d i nk;
for (h = 0; h < nh; ++h)
for (storage. Read(handl eCache[h], record);
| st or age. At End( handl eCache[ h] ) ;
st or age. Read( handl eCache[ h], record)) {
record. Get Fi el d(kTi neField, tine);
record. Get Fi el d(kLi nkField, Ilink);
if (specification.CollectForTine(tine) &
speci fication. Col | ect ForLi nk(1ink))
witer.Wite(record, fields);

}
}
}

/1 Free caches.

del ete [] handl eCache;

del ete [] recordCache;
}
S. TOutSignalCoordinatorEvolutionObserver Class
1. SignalCoordinatorEvolutionObserver.h
/1 Project: TRANSI M5
/1 Subsystem Sinulation Qutput
/1 $RCSfile: Signal CoordinatorEvol uti onCbserver.h,v $
/1 $Revision: 0.2 $
/] $Date: 1996/06/19 17:37:18 $
/] $State: Stab $
/1 $Author: bwb $
/1 U S Covernment Copyright 1995
/1 Al rights reserved

#i fndef TRANSI MS_OUT_COORDEVOLOBS
#defi ne TRANSI M5_OUT_COORDEVOLOBS

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Qbserver. h"

/1 A signal coordinator evolution observer observes evolving data related to
/1 signal coordinators.
cl ass TQut Si gnal Coor di nat or Evol uti onCbser ver

publ i c TQut Cbserver

publi c:

/1 Construct a signal coordinator evol ution observer.
TQut Si gnal Coor di nat or Evol uti onCbserver (CQut Coserverld id);

// Destruct a signal coordinator evolution observer.
virtual ~TQutSi gnal Coordi nator Evol uti onCbserver();

b
#endi f // TRANSI M5_OUT _COORDEVOLOBS

2. SignalCoordinatorEvolutionObserver.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put

$RCSfi |l e: Signal Coordi nat or Evol uti onCbserver.C, v $
$Revision: 0.2 $

$Date: 1996/ 06/ 19 17:36:47 $

$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995

Al rights reserved

~ e e — e~~~
~— e e — e~~~ —
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/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Si gnal Coor di nat or Evol uti onCbser ver . h"

/1 Construct a signal coordinator evolution observer.
TCQut Si gnal Coor di nat or Evol uti onQbserver: : TQut Si gnal Coor di nat or Evol uti onCbser ver
(Qut Coserverld id)
TQut Qoserver (i d)

/1 Destruct a signal coordinator evolution observer.
TCQut Si gnal Coor di nat or Evol uti onQbserver: : ~TQut Si gnal Coor di nat or Evol uti onCbserver ()

{
}

T. TOutSignalizedControlObserver Class

1. SignalizedControlObserver.h

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: SignalizedControl Coserver.h,v $
/1 $Revision: 0.2 $

/1 $Date: 1996/06/19 17:38:02 $

//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995

/1 Al rights reserved

#i fndef TRANSI M5_OUT_SI GOBS
#def i ne TRANSI MS_OUT_SI GOBS

/'l Include TRANSI M5 header files.
#i ncl ude "QUT/ Qbserver. h"

#i ncl ude "NET/1d. h"

#i ncl ude "NET/ TrafficControl.h"

/1 A signalized control observer observes data related to signals.
cl ass TQut Si gnal i zedCont r ol Gbserver
publ i c TQut Cbserver
publi c:

/1 Construct a signalized control observer.
TQut Si gnal i zedCont r ol Cbserver (CQut Coserverld id);

/] Destruct a signalized control observer.
virtual ~TCQutSignalizedControl Coserver();

pr ot ect ed:

/1 Define values for the fields being observed.
/1 The Qbserve nmethod will use these nethods.

/1 Define the id of the link entering the intersection.
voi d Set Li nk(NetLinkld |ink);

/1 Define the | ane nunber of the | ane entering the intersection.
voi d SetLane(Net LaneNunber [ ane);

/1 Define the id of the node associated with the intersection.
voi d Set Node( Net Nodel d node);

/1 Define the current signal state.
voi d SetSignal (TNet TrafficControl::ETrafficControl control);
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#endif // TRANSI MS_OUT_SI GOBS

2. SignalizedControlObserver.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put

$RCSfile: SignalizedControl Coserver.C, v $
$Revision: 0.2 $

$Date: 1996/06/19 17:37:46 $

$State: Stab $

$Author: bwb $

U. S. Governnent Copyright 1995

Al rights reserved

~ e~ e — e~~~ —
~— e e — e~~~ —

/'l Include TRANSI M5 header files.

#i ncl ude "QUT/ Si gnal i zedCont r ol Cbserver. h"
#i ncl ude "QUT/ Record. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct a signalized control observer.
TQut Si gnal i zedCont r ol Cbserver:: TQut Si gnal i zedCont r ol Cbser ver (Qut Goserverld id)
: TCQut Observer (i d)

{

Set Time(-99.);

Set Li nk(-99);

Set Lane(-99);

Set Node(-99);

Set Si gnal (TNet Traf fi cControl : : kNone) ;
}

/1 Destruct a signalized control observer.
TCQut Si gnal i zedCont r ol Gbserver:: ~TQut Si gnal i zedCont r ol Qbserver ()

}

/1 Define the id of the link entering the intersection.
voi d TQut Si gnal i zedCont r ol Cbserver: : Set Li nk( Net Li nkld id)

{
}

Get Recor d() . Set Fi el d(kLi nkField, id);

/1 Define the | ane nunber of the lane entering the intersection.
voi d TCut Si gnal i zedCont r ol Cbser ver: : Set Lane( Net LaneNunber n)

Get Record() . Set Fi el d(kLaneFi el d, n);

/1 Define the id of the node associated with the intersection.
voi d TQut Si gnal i zedCont r ol Cbserver: : Set Node( Net Nodel d i d)

Get Record() . Set Fi el d( kNodeFi el d, id);

// Define the current signal state.
voi d TCut Si gnal i zedCont r ol Cbserver: : Set Si gnal (TNet Traf fi cControl :: ETrafficControl
c)

Get Record() . Set Fi el d(kSignal Field, c);

U. TOutSpecificationReader Class

1. SpecificationReader.h
/1 Project: TRANSIMS
/1 Subsystem Sinulation Cutput
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$RCSfile: SpecificationReader.h,v $
$Revision: 0.3 $

$Date: 1996/06/19 17:38:30 $
$State: Stab $

$Author: bwo $

U.S. Governnent Copyright 1995

Al rights reserved

~——— e~~~
~——— e~~~

#i f ndef TRANSI M5_OUT_SPECI FI CATI ONREADER
#def i ne TRANSI MS_OUT_SPECI FI CATI ONREADER

/1 Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>
#i ncl ude <DBS/ Tabl e. h>

/1 A specification reader reads an output specification fromthe database.
cl ass TQut Speci fi cati onReader

public:

/1 Construct a reader for the specified tables.
TCQut Speci fi cati onReader (TDbTabl e general Tabl e, TDbTabl e nodeTabl e, TDbTabl e
i nkTabl e) ;

/1  Return the general specification table.
TDbTabl e& Get General Tabl e();

/1 Return the node specification table.
TDbTabl e& Get NodeTabl e();

/1 Return the link specification table.
TDbTabl e& Get Li nkTabl e();

private:

/1 Each reader has a general specification table.
TDbTabl e f General Tabl e;

/1 Each reader has a node specification table.
TDbTabl e f NodeTabl g;

/1 Each reader has a link specification table.
TDbTabl e fLinkTabl e;
h

#endi f // TRANSI M5_OUT_SPECI FI CATI ONREADER

2. SpecificationReader.C

Proj ect: TRANSI M5

Subsystem Simnul ati on Qut put
$RCSfile: SpecificationReader.C v $
$Revision: 0.3 $

$Date: 1996/06/19 17:38:22 $
$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995

Al rights reserved

~ e~ e~ — e~~~ —
~ e~~~ e~~~ —

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Speci fi cati onReader . h>

/1 Construct a reader for the specified tables.
TCQut Speci fi cati onReader: : TQut Speci fi cati onReader (TDbTabl e general Tabl e, TDbTabl e
nodeTabl e, TDbTabl e |i nkTabl e)
f Gener al Tabl e(general Tabl e),
f NodeTabl e( nodeTabl e),
f Li nkTabl e(l i nkTabl e)
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/1 Return the general specification table.
TDbTabl e& TQut Speci fi cati onReader: : Get Gener al Tabl e()
{

return fGeneral Tabl €;

/1 Return the node specification table.
TDbTabl e& TQut Speci fi cati onReader: : Get NodeTabl e()
{

return fNodeTabl e;

/1 Return the link specification table.
TDbTabl e& TQut Speci fi cati onReader: : Get Li nkTabl e()
{

return fLinkTable;

V. TOutStorage Class

1. Storage.h

Proj ect: TRANSI M5

Subsystem Simul ati on Qut put
$RCSfile: Storage.h,v $
$Revision: 0.4 $

$Date: 1996/06/19 17:38:55 $
$State: Stab $

$Author: bwo $

U.S. Governnent Copyright 1995
Al rights reserved

~ e~ e~ — e~~~ —
~ e~ — e~~~ ——

#i f ndef TRANSI MS_OUT_STORAGE
#defi ne TRANSI M5_OUT_STORAGE

/1 I nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>

#i ncl ude <BCMapU. h>

#i ncl ude <BCSet U. h>

/1 Include DBtools.h++ header files.
#include <rwrwfile.h>

/1 Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

#i ncl ude <QUT/ Excepti on. h>

#i ncl ude <QUT/ Record. h>

/  An output storage nanages the distributed file systemand isolates the rest
|/ of the sinulation output objects fromthe details of the physical storage.
/  Menber functions throw the exception TQut St orageFail ure when errors occur.

| ass TQut St or age

/1 Type definitions.

typedef BC_TUnboundedSet <const string, 30U, BC _Cvanaged> Host Set;
typedef BC_TSetActivelterator<const string> HostSetlterator;
typedef RWFi| e* Host Handl e;

/1 Constants for seek positions.

static const |ong kBegin;
static const |ong kEnd;
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/1 Storage nodes: Use read node for opening existing files, wite node
/1 for creating a new file, and delete node for deleting existing files.
enum Mode {kRead, kWite, kDelete};

/1 Connect the storage with the given root and basic nane to the specified

/'l hosts.

TCQut St orage(const string& root, const string& nanme, Mdde node = kRead);

TCQut St orage(const Host Set & hosts, const string& root, const string& nane,
Mbde npde = kRead);

/1 Disconnect the storage.
~TCut St or age() ;

/1 Return the root nane.
const string& GetRoot() const;

/1 Return the basic nane.
const string& GetName() const;

/1 Return the host nanes.
Host Set Get Hosts() const;

/1 Return the host handl e.
Host Handl e Get Host Handl e(const string& host) const;

/1 Return the current offset for the specified host file.
long GetOffset() const;

long Get Of fset(const string& host) const;

| ong Get O f set (Host Handl e host) const;

/1 Return whether an end-of-file has occured for the specified host file.
bool At End() const;

bool At End(const string& host) const;

bool At End(Host Handl e host) const;

/1 Position the specified host file to the given |ocation.
voi d Seek(l ong position = kBegin);

voi d Seek(const string& host, |ong position = kBegin);

voi d Seek(HostHandl e host, |ong position = kBegin);

/!l Wite the given record on the specified host.

void Wite(const TCQut Record& record);

void Wite(const string& host, const TCQut Record& record);
void Wite(Host Handl e host, const TQut Record& record);

//  Read the given record on the specified host. Return whether a record
/1 was avail abl e for reading.

bool Read(TCQut Record& record);

bool Read(const string& host, TOutRecord& record);

bool Read(Host Handl e host, TQut Record& record);

I/l Wite the given record header on the specified host.

void WiteHeader (const TCQut Record& record);

void WiteHeader (const string& host, const TQut Record& record);
void WiteHeader (Host Handl e host, const TQut Record& record);

/1 Read the given record header on the specified host. Return whether a
/1 record was avail able for reading.

bool ReadHeader (TQut Recor d& record);

bool ReadHeader (const string& host, TCQut Record& record);

bool ReadHeader (Host Handl e host, TQut Record& record);

/1 Flush any pendi ng operati ons.
voi d Flush();

private:
/1 Type definitions.
typedef BC_TUnboundedMap<const string, RWFile*, 30U, BC _CManaged> Fil eMap;
typedef BC _TMapActivelterator<const string, RWFile*> FileMplterator;

/1 Local host nane.
static const string fglLocal;

/Il File suffix.
static const string fgSuffix;
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/1 Do not allow storages to be copied.
TCQut St or age(const TQut Storage&) {}

/1 Do not allow storages to be assigned.
TCQut St or age& operator=(const TQut Storage&) {return *this;}

/1 A storage has a root |ocation.
const string fRoot;

/1l A storage has a basic nane.
const string fName;

/1 A storage has a file on each host.
Fil evap fFiles;

#endif // TRANSI MS_OUT_STORAGE

2. Storage.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: Storage.C v $
$Revision: 0.5 $

$Date: 1996/06/19 17:38:48 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~
~— e e — e~~~ —

/1 1nclude Booch Conponent header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCSt acU. h>

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ St or age. h>

/1 Define the hash function for strings.
static BC_ | ndex StringHashVal ue(const string& s)
{

return HashVal ue(s);

/1l Constants for seek positions.
const | ong TQut Storage: : kBegin = 0;
const |ong TQut Storage:: kEnd = -1;

/1 Local host nane.
const string TQutStorage::fglLocal = "local";

/1 File suffix.
const string TQutStorage::fgSuffix = ".stg";

/1 Connect the storage with the given root and basic nanme to the specified
/1 hosts.
TQut St or age: : TQut St orage(const string& root, const string& nanme, Mdde node)
: fRoot (root),
f Name( nane) ,
fFiles(StringHashVal ue)

string nodeString;
switch (node) {
case kRead:
nodeString = "rb";
br eak;
case kWite:
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nodeString = "wbh+";
br eak;
case kDel ete:

throw TQut St orageFai | ure("Del eti on not supported.");

}

RWFi | e* const file = new RWile(fRoot + "/" + fglLocal +

fgSuf fix, nodeString);
if (Mfile->isVvalid())
throw TQut St or ageFai | ure(" Cannot open file.");
fFiles.Bind(fgLocal, file);
}

e

+ f Name +

TQut St or age: : TQut St or age(const Host Set & hosts, const string& root, const string&

nane, Mbde node)
f Root (root),
f Narme( nane) ,
fFiles(StringHashVal ue)

{
string nodeString;
switch (nmode) {
case kRead:
nodeString = "rb";
br eak;
case kWite:
nodeString = "wb+";
br eak;
case kDel et e:
throw TCQut St or ageFai | ure("Del eti on not supported.");
}
for (HostSetlterator i(hosts); !i.lsDone(); i.Next()) {
const string& host = *i.Currentlten();
RWFi | e* const file = new RAFile(fRoot + "/" + host + "/" + fName +
fgSuffix, nmodeString);
if ('file->isValid())
t hrow TQut St or ageFai | ure(" Cannot open file.");
fFiles.Bind(host, file);
}
}

/1 Disconnect the storage.
TQut St or age: : ~TQut St or age()

for (FileMaplterator i(fFiles); !i.lsDone(); i.Next())
del ete *i.CurrentVal ue();

/1l  Return the root nane.
const string& TQut Storage: : Get Root () const
{

}

return fRoot;

/] Return the basic namne.
const string& TCQut St orage: : Get Nanme() const

{

return f Naneg;

/1 Return the host nanes.
TCQut St or age: : Host Set TQut St or age: : Get Host s() const

Host Set host s( Stri ngHashVal ue);

for (FileMaplterator i(fFiles); !i.lsDone(); i.Next())
hosts. Add(*i.Currentlten());

return hosts;
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/1 Return the host handle.
TQut St or age: : Host Handl e TQut St or age: : Get Host Handl e(const string& host) const
{

RWFi | e* const* file = fFiles. Val ueO (host);
if (file !'= NULL)
return *file;
el se
throw TQut St orageFai l ure("Invalid host.");

/1 Return the current offset for the specified host file.
| ong TQut St or age: : Get O f set () const
{

return Get O fset(fgLocal);
}

| ong TQut Storage:: Get O f set (const string& host) const

RWFi | e* const* file = fFiles.Val ueO (host);
if (file !'= NULL)
return (*file)->CurOfset();
el se
throw TQut St orageFailure("Invalid host.");

/1 Return whether an end-of-file has occured for the specified host file.
bool TQut St orage: : At End() const

{
return At End(fglLocal);

bool TCQut St orage: : At End(const string& host) const

{
RWFi | e* const* file = fFiles. Val ueO (host);
if (file !'= NULL)
return AtEnd(*file);
el se
throw TQut St orageFai lure("Invalid host.");
}

bool TQut St or age: : At End( Host Handl e host) const

return host->Eof ();

/1 Position the specified host file to the given |ocation.
voi d TQut St orage: : Seek(l ong position)

Seek(fgLocal, position);

voi d TCut St or age: : Seek(const string& host, |ong position)

RWFi | e* const* file = fFiles.Val ueO (host);
if (file !'= NULL)
Seek(*file, position);
el se
throw TQut St orageFai l ure("Invalid host.");

}
voi d TQut St or age: : Seek( Host Handl e host, | ong position)
{
bool okay;
if (position == kBegin)
okay = host->SeekToBegi n();
else if (position == kEnd)
okay = host->SeekToEnd();
el se
okay = host->SeekTo(position);
if (!okay)
throw TCQut St orageFai | ure("Seek failed.");
}
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I/l Wite the given record on the specified host.
voi d TQut Storage: : Wite(const TQut Record& record)

Wite(fglLocal, record);
}

voi d TQut Storage:: Wite(const string& host, const TQut Record& record)

RWFi | e* const* file = fFiles. Val ueO (host);
if (file !'= NULL)
Wite(*file, record);
el se
throw TQut St orageFai lure("Invalid host.");

}
voi d TQut Storage: : Wi te(Host Handl e host, const TQut Record& record)
bool fail = FALSE;
for (TQutRecord::FieldMaplterator i = record.Cetlterator(); 'i.lsDone();
i . Next())
(*i.CurrentValue()).saveQts(*host);
fail |= host->Error();
}
if (fail)

throw TCQut StorageFailure("Wite failure.");

/! Read the given record on the specified host. Return whether a record was
/1 avail able for reading.
bool TQut St or age: : Read( TQut Recor d& record)

return Read(fglLocal, record);

}
bool TQut St orage: : Read(const string& host, TCQutRecord& record)

RWFi | e* const* file = fFiles. ValueO (host);
if (file !'= NULL)
return Read(*file, record);
el se
throw TQut St orageFai | ure("Invalid host.");

}
bool TQut St orage: : Read( Host Handl e host, TQut Record& record)
{
bool fail = FALSE;
for (TQutRecord::FieldMaplterator i = record.Cetlterator(); !'i.lsDone();
i.Next()) {
(*i.CurrentValue()).restoreCuts(*host);
fail |= host->Error();
}
if (fail)
throw TQut St orageFai | ure("Read failure.");
el se
return !host->Eof ();
}

// Wite the given record header on the specified host.
voi d TQut Storage: : Wit eHeader (const TQut Recor d& record)

Wit eHeader (fglLocal, record);
}

void TCQut St orage: : WiteHeader (const string& host, const TQut Recordé& record)

RWFi | e* const* file = fFiles. Val ueO (host);
if (file !'= NULL)
WiteHeader (*file, record);
el se
throw TQut St orageFai l ure("Invalid host.");

}
voi d TQut Storage: : Wit eHeader ( Host Handl e host, const TQut Record& record)
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RWDBVal ue( (size_t) record. Get Map(). Extent ()).saveGuts(*host);

bool fail = host->Error();
for (TQutRecord::FieldMaplterator i = record.Cetlterator(); !i.lsDone();
i.Next()) {
RWDBVal ue(*i.Currentlten()).saveGuts(*host);
fail |= host->Error();
}
if (fail)

throw TCQut StorageFai lure("Wite failure.");

/1 Read the given record header on the specified host. Return whether a
/1 record was avail able for reading.
bool TQut St or age: : ReadHeader ( TQut Recor d& recor d)

{
return ReadHeader (fglLocal, record);

bool TCQut St or age: : ReadHeader (const string& host, TOut Recordé& record)
{
RWFi | e* const* file = fFiles.Val ued (host);
if (file !'= NULL)
return ReadHeader (*file, record);
el se
throw TQut St orageFai lure("Invalid host.");
}

bool TQut St or age: : ReadHeader (Host Handl e host, TQut Recor d& record)
{

/11 SSUE(bwb): This relies on the details of the Booch map inplenentation.

BC_TUnboundedSt ack<string, BC _CManaged> fi el ds;
TQut Recor d: : Fi el dMap& map = record. Get Map() ;
RWDBVal ue tenp;

tenp. restoreCut s(*host);

bool fail = host->Error();
const size_t n = tenp.asUnsignedlnt();
for (size_t i =0; i <n; ++i) {
tenp. restoreCut s(*host);
fail |= host->Error();

fields.Push(tenp.asString());

map. C ear ();
for (; !fields.IsEnpty(); fields.Pop())
map. Bi nd(fi el ds. Top(), RWDBVal ue());
if (fail)
throw TQut St orageFai |l ure("Read failure.");
el se
return !host->Eof ();

/1 Flush any pendi ng operations.
voi d TCut St orage: : Fl ush()

bool fail = FALSE;

for (FileMaplterator i(fFiles); !i.lsDone(); i.Next())
fail |= (*i.CurrentValue())->Flush();

if (fail)

throw TQut St orageFai | ure("Flush failure.");

w. TOutSummaryProcessor Class

1. SummaryProcessor.h

/1 Project: TRANSI M5

/1 Subsystem Sinmulation Qutput

/1 $RCSfile: SunmaryProcessor.h,v $
/1 $Revision: 0.1 $

/] $Date: 1996/06/19 17:39:48 $

/] $State: Stab $

/1 $Author: bwb $
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/1 US. Governnent Copyright 1996
/1 Al rights reserved

# fndef TRANSI M5_OUT_SUMVARYPROCESSOR
#defi ne TRANSI M5_OUT_SUMVARYPROCESSOR

/1 1nclude Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCSet U. h>

/1 Include TRANSI M5 header files.
#i ncl ude " QUT/ Processor. h"
#i ncl ude " QUT/ St or age. h"

/'l Forward decl arations.
class TCQut Cbserver;

/1 An output sunmmary processor collects statistics on the
/1 simulation.
cl ass TQut Sunmar yPr ocessor

publ i c TQut Processor

public:

/1 Type definitions.
typedef BC_TUnboundedSet <TCut Cbserver*, 10000U, BC_CManaged> Cbserver Set;
typedef BC _TSetActivelterator<TQut Cbserver*> (bserverSetlterator;

// Construct a summary processor.
TQut Sunmmar yPr ocessor (Qut Processorld id, const TQut General Specification&
speci fication);

// Destroy a sunmmary processor.
virtual ~TQut SummaryProcessor();

/1 Return processor type.
EPr ocessor Type Get Processor Type() const;

/1 Begin recording output for this tinme step.
virtual void RecordCutput(REAL tine);

/1 Finish recording output for link space.
virtual void RecordSpace(const TCQut Cbserver & observer);

/1 Finish recording output for link tine.
virtual void RecordTi me(const TCQut Cbserver & observer);

/1 Return the space observers.

oserver Set & Get SpaceCbservers();

const Observer Set & Get SpaceChservers() const;
/1 Return the tine observers.

oserver Set & Get Ti meQoservers();

const Observer Set & Get Ti nreCbservers() const;

/1 Define a space observer.
voi d AddSpaceCbserver (TOQut Cbserver & observer);

/1 Define a time observer.
voi d AddTi meCbserver ( TQut Cbserver & observer);

/1 Undefine a space observer.
voi d RenpveSpaceObserver ( TQut Cbserver & observer);

/1 Undefine a tine observer.
voi d RenmoveTi meCbserver ( TQut Cbserver & observer);

private:

/1 Do not allow sunmary processors to be copi ed.
/1 TQut Summar yPr ocessor (const TQut Summar yProcessor &) {}
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/1 Do not allow summary processors to be assigned.
/| TQut Sunmar yPr ocessor & oper at or =(const TQut Sunmar yProcessor&) {return
I *this;}

/1 A sunmary processor has space observers.
Observer Set f Space(bservers;

/1 A summary processor has tine observers;
Observer Set f Ti meQbservers;

/1 An summary processor is connected to a space storage.
TCQut St or age f SpaceSt or age;

/1 A sunmary processor is connected to a tine storage.
TCQut St orage f Ti meSt or age;

#endi f // TRANSI M5_OUT_SUMMARYPROCESSOR

2. SummaryProcessor.C

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: SummaryProcessor.C v $
//  $Revision: 0.1 $

/1 $Date: 1996/06/19 17:39:17 $

//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1996
/1 Al rights reserved

/'l Include TRANSI M5 header files.
#i ncl ude " QUT/ Summar yPr ocessor. h"
#i ncl ude "QUT/ Excepti on. h"

#i ncl ude "QUT/ Qbserver. h"

#i ncl ude " QUT/ Nanes. h"

/1 Define the hash function for observer sets.
static BC_| ndex ObserverHashVal ue( TQut Cbserver* const & observer)

{
return BC_| ndex(observer->Getld());

/1 Construct a sunmary processor.
TQut Sumar yPr ocessor : : TOut Sunmar yProcessor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification)
TQut Processor (id, specification),
f Spacebser ver s( Gbser ver HashVal ue) ,
f SpaceSt or age(speci fication. Get Root (), specification.GetNanme() + "." +
kSpaceSuf fix, TOQut Storage::kWite),
f Ti meCobservers( Gbserver HashVal ue),
f Ti meSt or age(speci fication. GtRoot(), specification.GtName() + "." +
kTi meSuffix, TOutStorage::kWite)

——

// Destroy a sunmary processor.
TQut Summar yPr ocessor: : ~TQut Summar yPr ocessor ()

}

/1 Return the processor type.
TQut Processor: : EProcessor Type TQut Summar yPr ocessor: : Get Processor Type() const

return kSummaryProcessor;
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/1 Begin recording output for this tinme step.
voi d TQut Sunmmar yPr ocessor: : Recor dQut put ( REAL)
{

throw TQut Exception("Cdient nust override"
' TQut Sunmar yProcessor: : RecordQut put (tinme).");

/1 Finish recording output for |ink space.
voi d TQut Sunmmar yPr ocessor: : Recor dSpace(const TQut Qbserver & observer)

if (fSpaceStorage. GetOfset() == 0)

f SpaceSt orage. Wit eHeader (observer. Get Record());
f SpaceStorage. Wi te(observer. Get Record());

/1 Finish recording output for link tine.
voi d TQut Summar yProcessor: : Recor dTi ne(const TQut Cbserver & observer)

if (fTimeStorage. Get OFfset() == 0)

f Ti meSt orage. Wi t eHeader (observer. Get Record());
f Ti meSt orage. Wite(observer. Get Record());

//  Return the space observers.
TQut Sunmmar yPr ocessor: : Qbser ver Set & TQut Sunmmar yPr ocessor : : Get SpaceCbser ver s()

{

return fSpaceCbservers;
const TQut Summar yProcessor: : Cbserver Set &
TQut Sunmmar yPr ocessor : : Get Spacebservers() const
{

return fSpaceCbservers;

/1 Return the tinme observers.
TQut Sumar yPr ocessor: : Observer Set & TOut Sunmar yProcessor: : Get Ti mneCoserver s()

return fTi neCbservers;
const TQut Sunmmar yProcessor: : Cbserver Set &
TQut Surmmar yPr ocessor: : Get Ti meQbservers() const

return fTi neCbservers;

/1 Define a space observer.
voi d TCQut Summar yProcessor: : AddSpaceCObser ver ( TQut Cbserver & observer)

f SpaceCbser vers. Add( &bserver);

/1 Define a tinme observer.
voi d TQut Sunmar yPr ocessor: : AddTi meCbser ver ( TQut Cbserver & observer)

f Ti meQoservers. Add( &bserver);

/1 Undefine a space observer.
voi d TCQut Summar yPr ocessor: : RemoveSpaceCbser ver ( TQut Cbser ver & observer)

f SpaceCbser vers. Renove( &bserver);

// Undefine a time observer.
voi d TQut Sunmmar yProcessor: : RenoveTi mneQoser ver ( TQut Gbserver & observer)
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f Ti meCbservers. Renove( &bserver);

}

X. TOutSummaryRetriever Class
1. SummaryRetriever.h

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: SummaryRetriever.h,v $
/1 $Revision: 0.1 $

/1 $Date: 1996/06/19 17:41:04 $

//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995
/1 Al rights reserved

#i f ndef TRANSI M5_OUT_SUMVARYRETRI EVER
#def i ne TRANSI M5_OUT_SUMVARYRETRI EVER

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>
#i ncl ude <QUT/ Retriever. h>

/1 An event retriever gets specific sumary data from storage and
/1 coordinates its conversion and filtering.
class TQut SummaryRetri ever

public TQut Retriever

publi c:

/1 Construct a reader for the specified hosts and given specification,

/1 and networKk.

TCQut Summar yRet ri ever (const TQut St or age: : Host Set & host's, const
TQut Gener al Speci fi cation& specification, const TNet Network* network
= NULL);

/!l Performthe retrieval on the specified witers.
void Retrieve(TOQutWiter& spaceWiter, TQutWiter& tinmeWiter, bool sort =
TRUE) ;

private:

/1 The retriever is connected to a space storage.
TQut St orage f SpaceSt or age;

/1 The retriever is connected to a tinme storage.
TCQut St orage f Ti meSt or age;

b
#endif // TRANSI MS_OUT_SUMVARYRETRI EVER

2. SummaryRetriever.C

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: SummaryRetriever.C v $
$Revision: 0.1 $

$Date: 1996/ 06/ 19 17:40:36 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1996
Al rights reserved

~ e e — e~~~
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude <QUT/ Sunmar yRetri ever. h>
#i ncl ude <QUT/ Nanes. h>
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/1 Construct a reader for the specified hosts and given specification.
TQut Summar yRet ri ever:: TQut Summar yRet ri ever (const TCQut St or age: : Host Set &
hosts, const TQut Gener al Speci fication& specification, const TNet Networ k*
net wor k)
TCQut Retri ever (specification, network),
f SpaceSt orage(hosts, specification.CGetRoot(), specification.CGetNane() +
"." + kSpaceSuffix),
f Ti meSt or age(hosts, specification.GetRoot(), specification.GetName() +
" + kTi meSuf fi x)

/1 Performthe retrieval on the specified witers.
voi d TQut SummaryRetriever:: Retrieve(TQutWiter& spaceWiter, TQutWiter&
timeWiter, bool sort)

Basi cRetri eve(f SpaceSt orage, spaceWiter, sort);
Basi cRetrieve(fTi neStorage, tineWiter, sort);

Y. TOutTextWriter Class

1. TextWriter.h

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: TextWiter.h,v $
$Revision: 0.5 $

$Date: 1996/06/19 17:42:54 $
$State: Stab $

$Author: bwo $

U.S. Governnent Copyright 1995
Al rights reserved

~ e~ e~ — e~~~ —
~ e~ — e~~~ ——

#i fndef TRANSI MS_OUT_TEXTWR TER
#defi ne TRANSI M5_OUT_TEXTWRI TER

/1 Include Standard C++ header files.
#i ncl ude <fstream h>

/1 Include Booch Conponents header files.
#i ncl ude <BCSt oreM h>
#i ncl ude <BCCol | U. h>

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>
#i ncl ude <QUT/Witer.h>

/1 Atext witer puts simulation output data into a formatted text file. The
/1 exception TQutWiterFailure is thrown if an operation fails.
class TQut TextWiter

public TQutWiter

publi c:
/1 Open the specified file for witing, including the record header
TQut Text Witer(const string& file, const string& delinmter = "\t", bool
i ncl udeHeader = FALSE);
/!l Wite the specified record with fields in the given order.
void Wite(const TCQut Record& record);
void Wite(const TQut Record& record, const FieldCollection& fields);
private:

/1l  Each text witer is connected to a file.
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of stream f Qut ;

/1l Each text witer has a delimter.
string fDelimter;

/1 Atext witer may have to include header information.
bool flncl udeHeader;

#endif // TRANSI M5_OUT_TEXTWRI TER

2. TextWriter.C

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: TextWiter.C v $
$Revision: 0.6 $

$Date: 1996/ 06/ 19 17:42:43 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~ —
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude <QUT/ Text Witer. h>

/1 Open the specified file for witing, including the record header
TQut Text Witer:: TQut Text Witer(const string& file, const string& deliniter,
bool i ncl udeHeader)
faut(file),
fDelimter(delimter),
f1 ncl udeHeader (i ncl udeHeader)

if (!fQut.rdbuf()->is_open())
throw TQut WiterFailure("Cannot open file.");

/Il Wite the specified record.
void TQut Text Witer:: Wite(const TOut Record& record)

Fi el dCol | ection fields;
for (TQutRecord::FieldMvaplterator i = record.Getlterator(); !i.lsDone();
i.Next())
fields. Append(*i.Currentlten());
Wite(record, fields);

}

void TQut Text Witer:: Wite(const TQut Record& record, const FieldCollection&
fields)

{

const TQut Record: : Fi el dvap& nmap = record. Get Map();

if (flncludeHeader) {
f1ncl udeHeader = FALSE;
bool first = TRUE
for (FieldCollectionlterator i(fields); !'i.lsDone(); i.Next()) {
if (first) {
first = FALSE;
fQut << *i.Currentlten();
} else
fQut << fDelimter << *i.Currentlten();

}
fQut << endl;
}

bool first = TRUE;
for (FieldCollectionlterator i(fields); 'i.lsDone(); i.Next()) {
if (first)
first = FALSE;
el se
fQut << fDelimter;
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const RWDBVal ue& val ue = *map. Val ueO (*i. Currentlten());
switch (value.type()) {
case TQut Record:: kChar:
case TQut Record: : kUnsi gnedChar:
fQut << value.aslnt();
br eak;
defaul t:
fQut << value.asString();
br eak;

}
}
fQut << endl;

if (faut.fail())
throw TQut WiterFailure("Cannot wite file.");

Z. TOutVehicleObserver Class

1. VehicleObserver.h

Proj ect: TRANSI M5

Subsystem Simul ati on Qut put
$RCSfil e: VehicleCoserver.h,v $
$Revision: 0.4 $

$Date: 1996/06/19 17:43:24 $
$State: Stab $

$Author: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~~~ e~~~ —
~ e~ e~ — e~~~ —

#i f ndef TRANSI M5_OUT_VEHOBS
#defi ne TRANSI M5_OUT_VEHOBS

/'l Include TRANSI M5 header files.

#i ncl ude " QUT/ Cbserver. h"
#i ncl ude "NET/1d. h"

/1 A vehicle observer observes data related to vehicles.
cl ass TQut Vehi cl eCbserver
publ i c TQut Cbserver
public:

/1 Construct a vehicle observer.
TCut Vehi cl eCbserver (CQut Coserverld id);

/1l Destruct a vehicle observer.
virtual ~TQut Vehicl eCbserver();

pr ot ect ed:

/1 Define values for the fields being observed.
/1 The Observe nethod will use these nethods.

/1 Define the vehicle' s id.
void Setld(U NT id);

// Define the id of the link the vehicle is on.
voi d Set Li nk(NetLinkld link);

/1l  Define the | ane nunber the vehicle is on.
voi d SetLane(Net LaneNunber [ ane);

/1 Define the vehicle' s distance froma node.
voi d Set Di st ance( REAL di stance);

/1 Define the id of the node the distance is neasured from
voi d Set Node( Net Nodel d node);

/1 Define the vehicle's velocity.
voi d Set Vel oci ty(REAL vel ocity);
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/1 Define the vehicle' s status.
voi d Set Status(BYTE status);

#endi f // TRANSI MS_OUT_VEHOBS

2. VehicleObserver.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: VehicleCoserver.C v $
$Revision: 0.5 $

$Date: 1996/ 06/19 17:43:08 $
$State: Stab $

$Aut hor: bwb $

U. S. Governnent Copyright 1995
Al rights reserved

~ e~ e — e~~~ —
~— e e — e~~~ —

/'l Include TRANSI M5 header files.
#i ncl ude " QUT/ Vehi cl eCoserver. h"
#i ncl ude "QUT/ Record. h"

#i ncl ude " QUT/ Nanes. h"

/1 Construct a vehicle observer.

TQut Vehi cl eQoser ver: : TQut Vehi cl eCoser ver (Qut Goserverld id)
: TCQut Observer (i d)

{

Set Time(-99.);
Set1d(-99);

Set Li nk(-99);

Set Lane(-99);

Set Node( - 99) ;

Set Di st ance(-99.0);
Set Vel ocity(-99.0);
Set St at us(255) ;

/1 Destruct a vehicle observer.
TQut Vehi cl eQoser ver: : ~TQut Vehi cl eCbser ver ()

{
}

/1 Define the vehicle' s id.
voi d TCut Vehi cl eCbserver:: Setld(U NT id)

Get Record() . Set Fi el d(kVehicleField, id);

/1 Define the id of the link the vehicle is on.
voi d TQut Vehi cl eCbserver: : Set Li nk(NetLinkld id)

Get Recor d() . Set Fi el d(kLi nkField, id);

/1 Define the |l ane nunber the vehicle is on.
voi d TCQut Vehi cl eCbserver: : Set Lane( Net LaneNunber n)

Get Record() . Set Fi el d(kLaneFi el d, n);

/1 Define the vehicle's distance from a node.
voi d TQut Vehi cl eCbserver: : Set Di st ance( REAL d)

Get Record(). Set Fi el d(kDi stanceField, d);
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/1 Define the id of the node the distance is neasured from
voi d TQut Vehi cl eCoserver: : Set Node( Net Nodel d i d)

Get Record(). Set Fi el d(kNodeFi el d, id);

/1 Define the vehicle' s velocity.
voi d TQut Vehi cl eQoserver: : Set Vel oci t y(REAL V)

Get Record(). Set Fi el d(kVel ocityField, v);

/1 Define the vehicle's status flag.
voi d TQut Vehi cl eQoserver: : Set St at us(BYTE s)

Get Record(). SetField(kStatusField, s);

AA. TOutWriter Class

1. Writer.h

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: Witer.h,v $

/1 $Revision: 0.4 $

/1 $Date: 1996/06/19 17:43:56 $
/] $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995
/1 Al rights reserved

#i fndef TRANSI MS_OUT_WRI TER
#defi ne TRANSI M5_OUT_WRI TER

/1 Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

#i ncl ude <QUT/ Excepti on. h>

#i ncl ude <QUT/ Record. h>

/' An output witer provides an interface for the external witing of data
/'  fromsinulation output. The exception TQutWiterFailure is thrown if an
/ operation fails.
lass TQutWiter

/1 Type definitions.
typedef BC_TUnboundedCol | ection<string, BC CManaged> Fi el dCol | ecti on;
typedef BC_TCol | ecti onActivelterator<string> FieldCollectionlterator;

/1 Destroy the witer.
virtual ~TQutWiter() {}

// Wite the specified record.
virtual void Wite(const TQut Record& record) = O;

virtual void Wite(const TQut Record& record, const FieldCollection& fields)

1

pr ot ect ed:

/1 Construct a witer.
TQutWiter() {}

private:

// Do not allow witers to be copied.
TQut Witer(const TQutWiter& {}
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// Do not allow witers to be assigned.
TQut Witer& operator=(const TQutWiter& {return *this;}

#endif // TRANSI M5_OUT_WRI TER

BB. Type Definitions

1. Id.h

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/I $RCSfile: Id.h,v $

/1 $Revision: 0.4 $

/1 $Date: 1996/06/19 17:26:19 $
//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995
/1 Al rights reserved

#i fndef TRANSI M5_OUT_I D
#defi ne TRANSI M5_OUT_I D

/'l Include TRANSI M5 header files.
#i ncl ude "GBL/d obal s. h"

/1 A processor id is four bytes |ong.
t ypedef DWORD Qut Processorl d;
/1 An observer id is four bytes |ong.
typedef DWORD Cut Cbserverl d;

#endif // TRANSI M5_OUT | D

2. Names.h

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput

/1 $RCSfile: Nanes.h,v $

/1l $Revision: 0.5 $

/1 $Date: 1996/06/19 17:31:05 $
/] $State: Stab $

/1 $Author: bwb $

/1 U S Covernment Copyright 1995
/1 Al rights reserved

#i f ndef TRANSI M5_OUT_NAMES
#defi ne TRANSI M5_QOUT_NAMES

/1 The suffixes.

static const string kVehicleSuffix = "veh";
static const string klntersectionSuffix = "int";
static const string kSignal Suffix = "sig";
static const string kLinkSuffix = "Ink";

static const string kSpaceSuffix = "spa";
static const string kTimeSuffix = "tinf;

/1 Field nanes.

static const string kTinmeField

static const string kLinkField

static const string kVehicleField = "VEH CLE";

static const string kLaneField = "LANE";
c
c

"TIVE"
"LINK";

static const string kDi stanceField = "Dl STANCE";
static const string kNodeField = "NODE";
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stati
stati
stati
stati
stati
stati
stati

OO0O0O0O0O0O0

#endi f

IX.

const
const
const
const
const
const
const

string kVelocityField = "VELOCI TY";
string kStatusField = "STATUS";
string kQ ndexField = "Q NDEX"';
string kSignal Field = "SI GNAL";

string kCountField = "COUNT";
string kSunField = "SUM';
string kSunSquaresFi el d = " SUVSQUARES";

/1 TRANSI M5_OUT_NAMES

APPENDIX: Test Program

This appendix contains the complete C++ source code and the database import file for the
simulation output subsystem test program.

A. Test.C

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/I $RCSfile: Test.C v $

/1 $Revision: 0.7 $

/] $Date: 1996/06/19 17:41:35 $
//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995
/1 Al rights reserved

/1 Include Standard C++ header files.
#i ncl ude <i ostream h>

/'l Include TRANSI M5 header files.
#i ncl ude <GBL/d obal s. h>

#i ncl ude <DBS/ Excepti on. h>

#i ncl ude <QUT/ Excepti on. h>

/1 Function prototypes.

extern
extern
extern
extern
extern

bool
bool
bool
bool
bool

Test Record();

Test Storage();

Test Text Witer();

Test Gener al Speci fication();
Test Evol uti onRetriever();

/1 Main program
int main(int, char*[])

try {

bool

cout

fail
fail
fail
fail
fail

cout

fail = FALSE;

<< "Simul ati on Qut put Subsystem Tests"
<< " [$Revision: 0.7 $]"
<< endl;

I Test Record();

| Test St or age() ;

| Test Text Witer();

| Test Gener al Speci fication();
! Test Evol utionRetriever();

A
A

} catch(const TQut Exception& exception) {

cout

cout << "Unexpected simulation output exception:

<< endl;

exception. Get Message() << endl;

} catch(const TDbException& exception) {
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cout << endl;
cout << "Unexpected database exception: " << exception. Get Message() <<
endl ;

} catch(...) {

cout << endl;
cout << "Unexpected unknown exception occurred--aborting." << endl;

}
return O;
}
B. TestEvolutionRetriever.C
/1 Project: TRANSI M5
/1 Subsystem Sinmulation Qutput
/1l $RCSfile: TestEvolutionRetriever.C,v $
/1 $Revision: 0.5 $
/1 $Date: 1996/06/19 17:41:48 $
/1 $State: Stab $
/1 $Author: bwb $
/1 U S Covernment Copyright 1995
/1 Al rights reserved

/1 Include Standard C++ header files.
#i ncl ude <fstream h>
#i ncl ude <i ostream h>

/1 Include TRANSI M5 header files.

#i ncl ude <DBS/ Excepti on. h>

#i ncl ude <DBS/ Directory. h>

#i ncl ude <DBS/ Source. h>

#i ncl ude <DBS/ Tabl e. h>

#i ncl ude <QUT/ Speci fi cati onReader. h>

#i ncl ude <QUT/ Gener al Speci fi cati onReader . h>
#i ncl ude <QUT/ Gener al Speci fi cation. h>

#i ncl ude <QUT/ Evol uti onRetriever. h>

#i ncl ude <QUT/ Text Witer. h>

/1l Test evolution retriever class.
bool Test Evol utionRetriever ()

cout << " Evolution Retriever Cass Tests"
<< " [$Revision: 0.5 $]"
<< endl;

bool anyFail = FALSE;
bool fail;

{
TQut St or age: : Host Set host s( HashVal ue) ;

hosts. Add("host1");

hosts. Add("host 2");

TQut St or age storage(hosts, "/hone/projects/transinms/test/NET",
"sanpl e. veh", TQut Storage::kWite);

TQut Record record;

record. Set Fiel d("TI ME", 10);

record. Set Fi el d("LINK", 11);

record. Set Fi el d("VELOCI TY", 5);
storage. Wit eHeader ("host 1", record);
storage. Wite("host1", record);

record. Set Fiel d("TI ME", 60);
record. Set Fi el d("LINK", 11);
record. Set Fi el d("VELOCI TY", 6);
storage. Wite("hostl1", record);

record. Set Fi el d("TI ME", 61);
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record. Set Fi el d("LINK", 12);
record. Set Fi el d("VELOCI TY", 7);
storage. Wite("host1", record);

record. Set Fi el d("TI ME", 65);
record. Set Fi el d("LINK", 10);
record. Set Fi el d("VELOCI TY", 8);
storage. Wite("host1", record);

record. SetFiel d("TIME", 9);

record. Set Fi el d("LINK", 12);

record. Set Fi el d("VELOCI TY", 4);
storage. WiteHeader ("host2", record);
storage. Wite("host2", record);

record. Set Fiel d("TI ME", 60);
record. Set Fi el d("LINK", 12);
record. Set Fi el d("VELOCI TY", 3);
storage. Wite("host2", record);

record. Set Fi el d("TI ME", 65);
record. Set Fi el d("LINK", 12);
record. Set Fi el d("VELOCI TY", 2);
storage. Wite("host2", record);

record. Set Fiel d("TI ME", 65);
record. Set Fi el d("LINK*, 11);
record. Set Fi el d("VELOCI TY", 1);
storage. Wite("host2", record);

record. Set Fi el d("TI ME", 65);
record. Set Fi el d("LINK", 10);
record. Set Fi el d("VELOCI TY", 0);
storage. Wite("host2", record);

record. Set Fiel d("TI ME", 65);
record. Set Fi el d("LINK*, 11);
record. Set Fi el d("VELOCI TY", 0);
storage. Wite("host2", record);

}
TDbDi rectory directory(TDbDirectoryDescription("10OC1"));

TDbSour ce general Source(directory,

directory. Get Sour ce("Qut put Specification"));
TDbSour ce nodeSource(directory,

directory. Get Sour ce("Qut put Node Specification"));
TDbSource |inkSource(directory,

directory. Get Source("Qut put Link Specification"));

TDbTabl e general Tabl e(gener al Source, general Sour ce. Get Tabl e(" Sanpl e Qut put
"Specification Table"));

TDbTabl e nodeTabl e( nodeSour ce, nodeSource. Get Tabl e(" Sanpl e Qut put Node "
"Specification Table"));

TDbTabl e |inkTabl e(linkSource, |inkSource. GetTabl e("Sanpl e Qutput Link "
"Specification Table"));

TQut Gener al Speci fi cati onReader reader (TCQut Speci fi cati onReader (general Tabl e,
nodeTabl e, |inkTable));

reader. Reset () ;

TQut St or age: : Host Set  host s( HashVal ue) ;

hosts. Add("host1");

hosts. Add("host 2");

TQut Gener al Speci fication specification(reader);

TQut Evol utionRetriever retriever(hosts, specification);

| SSUE (KPB) Intersection and signal information is not really being tested.
Sanpl e intersection and signal storages are duplicates of the vehicle
storage; therefore the sanple.int.txt and sanple.sig.txt files produced
here are (correctly) enpty.
TQut Text Witer* vehicleWiter = new
TQut Text Witer("/home/ projects/transi ns/test/NET/ sanpl e.veh. txt",
", ", TRUE);
TQut Text Witer* intersectionWiter = new
TQut Text Witer("/home/projects/transi ms/test/NET/sanple.int.txt",
", ", TRUE);

~——
~——
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TQut Text Witer* signal Witer = new
TQut Text Witer("/home/ projects/transi ms/test/NET/sanple.sig.txt",
", ", TRUE);
retriever.Retrieve(*vehicleWiter, *intersectionWiter, *signalWiter);
del ete vehicleWiter;
delete intersectionWiter;
del ete signal Witer;

cout << " QUT-ER-010: Data retrieval.";

i fstreamin("/home/projects/transi ns/test/NET/sanple.veh.txt");
char 1ine[1000];

in.getline(line, 1000);

fail = strcnp(line, "TIMgE, VELOCITY, LINK') !'= O;
in.getline(line, 1000);

fail |= strcnp(line, "60, 6, 11") != O;
in.getline(line, 1000);

fail |= strcnp(line, "60, 3, 12") != 0;
in.getline(line, 1000);

fail |= strcnp(line, "65, 2, 12") != 0;
in.getline(line, 1000);

fail |= strcnp(line, "65, 1, 11") != 0;
in.getline(line, 1000);

fail |= strcnp(line, "65, 0, 11") != O;
in.getline(line, 1000);

fail |="!in.eof();

cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;

cout << (anyFail ? " Foo No f") << "ailures occurred." << endl;

return !anyFail;

-

C. TestGeneralSpecification.C

/1 Project: TRANSIMS

/1 Subsystem Sinulation CQutput

/1 $RCSfile: TestGeneral Specification.C v $
/1 $Revision: 0.5 $

/1 $Date: 1996/06/19 17:42:00 $

//  $State: Stab $

/1 $Author: bwo $

/1 US. Governnent Copyright 1995

/1 Al rights reserved

/1 Include Standard C++ header files.
#i ncl ude <i ostream h>

/'l Include Standard C header files.
#i ncl ude <math. h>

/1 Include TRANSI M5 header files.

#i ncl ude <DBS/ Excepti on. h>

#i ncl ude <DBS/ Directory. h>

#i ncl ude <DBS/ Sour ce. h>

#i ncl ude <DBS/ Tabl e. h>

#i ncl ude <QUT/ Speci fi cati onReader. h>

#i ncl ude <QUT/ Gener al Speci fi cati onReader . h>
#i ncl ude <QUT/ Gener al Speci fi cation. h>

/1 Return whether two real numbers are the sane.
static bool Equal (REAL a, REAL b)

return fabs(a - b) < le-5;

/1 Test general specification class.
bool Test Gener al Speci fication()

cout << " General Specification Cass Tests"
<< " [$Revision: 0.5 $]"
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<< endl ;

bool anyFail = FALSE;
bool fail;

TDbDi rectory directory(TDbDirectoryDescription("10OC1"));

TDbSour ce general Source(directory,

directory. Get Sour ce("Qut put Specification"));
TDbSour ce nodeSour ce(directory,

directory. Get Sour ce("Qut put Node Specification"));
TDbSource |inkSource(directory,

directory. Get Source("Qutput Link Specification"));

TDbTabl e general Tabl e(general Source, general Sour ce. Get Tabl e(" Sanpl e Qut put
"Specification Table"));

TDbTabl e nodeTabl e( nodeSour ce, nodeSource. Get Tabl e(" Sanpl e Qut put Node "
"Specification Table"));

TDbTabl e |inkTabl e(linkSource, |inkSource. GetTabl e("Sanple Qutput Link "
"Specification Table"));

TQut Gener al Speci fi cati onReader reader (TCQut Speci fi cati onReader (general Tabl e,
nodeTabl e, |inkTable));

reader . Reset ();
TQut Gener al Speci fi cation specification(reader);

cout << " QUT- GS-010: Root retrieval.";

fail = specification.GtRoot() != "/hone/projects/transins/test/NET";

cout << (fail 2?2 " [failed]" : " [passed]") << endl;

anyFail |= fail;

cout << " QUT- GS-020: Nane retrieval .";

fail = specification.GetNanme() != "sanple";

cout << (fail ? " [failed]" : " [passed]") << endl;

anyFail | = fail;

cout << " QUT-GS-030: Time collection."”;

fail = specification.CollectForTinme(59) || !specification.CollectForTine(60)

|| !specification.CollectForTinme(100) ||
speci fication. Col |l ect For Ti me(101) ||
I'specification. Coll ect ForTi me(120) ||
speci fication. Col |l ect For Ti me(121);

cout << (fail ? " [failed]" : " [passed]") << endl;

anyFail |= fail;

cout << " QUT- GS-040: Tinme sanpling."”;

fail = specification.Sanpl eForTime(50) || !specification. Sanpl eFor Ti ne(60)

|| !specification. Sanpl eFor Ti ne(100) ||
speci fi cati on. Sanpl eFor Ti me(101) ||

I speci fication. Sanpl eFor Ti ne(120) ||
speci fi cati on. Sanpl eFor Ti ne(121) ;

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail | = fail;

cout << " QUT- GS- 050: Box length.";

fail = !'Equal (specification. Get BoxLength(), 150);

cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;

cout << " QUT- GS- 060: Point collection.”;

fail = specification.CollectForPoint(TGeoPoint(0, 0)) ||

I'specification. Col | ect For Poi nt (TGeoPoi nt (1, 2))

I speci fication. Col | ect For Poi nt (TGeoPoi nt (500, 600)) ||
I'speci fication. Col | ect For Poi nt (TGeoPoi nt (1000, 2000)) ||
speci fication. Col | ect For Poi nt (TGeoPoi nt (1001, 2001));

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;

cout << " OUT- GS-070: Node col l ection.";

fail = specification.CollectForNode(11) ||

I'speci fication. Col | ect For Node(1) ||
I'specification. Col | ect For Node( 2) ;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
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cout << " OUT- GS-080: Link collection.";
fail = specification.CollectForLink(1) ||
I speci fication. Col | ect ForLi nk(11) ||
I speci fication. Col | ect For Li nk(12);

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- GS- 090: Processor type.";
fail = reader.GetProcessorType() !=
TQut Gener al Speci fi cati onReader: : kEvol uti onProcessor;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail | = fail;
cout << (anyFail ? " For No f") << "ailures occurred." << endl;
return !anyFail;
}
D. TestRecord.C
/1 Project: TRANSI M5
/1 Subsystem Sinmulation Qutput
/1 $RCSfile: TestRecord.C/ v $
/1l  $Revision: 0.5 $
/1 $Date: 1996/06/19 17:42:11 $
/] $State: Stab $
/1 $Author: bwb $
/1 U S Covernment Copyright 1995
/1 Al rights reserved
/1 Include Standard C++ header files.
#i ncl ude <i ostream h>
/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Record. h>
/1 Test record class.
bool Test Record()
{
cout << " Record Cass Tests"
<< " [$Revision: 0.5 $]"
<< endl;
bool anyFail = FALSE;
bool fail;
TCQut Record record;
cout << " QUT- RE-010: Setting/getting char fields.";
{
const char in = -1;
char out;
record. Set Fi el d("char", in);
record. Get Fi el d("char", out);
fail =in !=out || record. GetType("char") != TQutRecord: : kChar;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-020: Setting/getting unsigned char fields.";
{

const unsigned char in = 2;
unsi gned char out;

record. Set Fi el d("unsi gned char", in);
record. Get Fi el d("unsigned char", out);
fail =in !=out || record. GetType("unsigned char") !=
TCQut Recor d: : kUnsi gnedChar ;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE- 030: Setting/getting short fields.";
{
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const short in = -300;

short out;
record. Set Fi el d("short", in);
record. GetField("short", out);
fail =in !'=out || record. GetType("short") !'= TQut Record:: kShort;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail | = fail;
cout << " QUT- RE- 040: Setting/getting unsigned short fields.";
{
const unsigned short in = 400;
unsi gned short out;
record. Set Fi el d("unsi gned short", in);
record. Get Fi el d("unsi gned short", out);
fail =in !=out || record. CGetType("unsigned short") !=
TCQut Recor d: : kUnsi gnedShort;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-050: Setting/getting int fields.";
{
const int in = -50000;
int out;
record. SetField("int", in);
record. GetField("int", out);
fail =in !=out || record.GetType("int") !'= TQutRecord::Kklnt;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE- 060: Setting/getting unsigned int fields.";
{
const unsigned int in = 60000;
unsi gned int out;
record. Set Fi el d("unsigned int", in);
record. GetFiel d("unsigned int", out);
fail =in !=out || record. GetType("unsigned int") !=
TQut Recor d: : kUnsi gnedl nt ;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-070: Setting/getting long fields.";
{
const long in = -70000;
| ong out;
record. SetField("long", in);
record. GetField("long", out);
fail =in !=out || record. GetType("long") != TQutRecord::kLong;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-080: Setting/getting unsigned long fields.";
{
const unsigned long in = 80000;
unsi gned | ong out;
record. Set Fi el d("unsi gned | ong", in);
record. Get Fi el d("unsigned | ong", out);
fail =in !=out || record. GetType("unsigned long") !=
TQut Recor d: : kUnsi gnedLong;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-090: Setting/getting float fields.";
{
const float in = 0.9;
float out;
record. SetField("float", in);
record. GetField("float", out);
fail =in !=out || record. GetType("float") != TCQutRecord::kFl oat;
cout << (fail ? " [failed]" : " [passed]") << endl;
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anyFail |= fail;

cout << " QUT- RE-100: Setting/getting double fields.";
{

const double in = 0.1;

doubl e out;

record. Set Fi el d("doubl e", in);

record. Get Fi el d("doubl e", out);

fail =in !=out || record. Get Type("double") !'= TCutRecord: : kDoubl e;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail | = fail;
cout << " QUT- RE-110: Setting/getting string fields.";
{
const string in = "one ten";
string out;
record. SetFi el d("string", in);
record. Get Fi el d("string", out);
fail =in !=out || record.GetType("string") != TQutRecord::kString;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE-120: Getting map.";
fail = record. GetMap().Extent() != 11;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT-RE-130: Cearing field.";
{
char out;
record. Set Fi el d("char");
record. GetField("char", out);
fail = out != 0;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE- 140: Bad cast.";
{
char out;
record. GetField("string", out);
fail = out != 0;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- RE- 150: Bad field.";
string out;
record. Get Fi el d("undefined", out);
fail = out !'="" || record. Get Type("undefined") != TCQut Record:: kNoType;
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << (anyFail 2?2 " Fooo No f") << "ailures occurred." << endl;

return !anyFail;

TestStorage.C

Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: TestStorage.C v $
$Revision: 0.5 $

$Date: 1996/06/19 17:42:21 $
$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995
Al rights reserved

I nclude Standard C++ header files.
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#i ncl ude <i ostream h>

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ St or age. h>

// Test storage class.
bool Test St orage()
{
cout << " Storage C ass Tests"
<< " [$Revision: 0.5 $]"
<< endl;

bool anyFail = FALSE;
bool fail;

TCQut St or age* stg;

TQut Record* inrecl;
TQut Record* inrec2;
TQut Recor d* outrec;

stg = new TQut St orage("/ hone/ proj ects/transi ns/test/NET", "tenp",
TCQut Storage: : kWite);

cout << " QUT- ST-010: Root retrieval.";

fail = stg->CGetRoot() != "/hone/projects/transins/test/NET";
cout << (fail ? " [failed]" : " [passed]") << endl;

anyFail |= fail;

cout << " QUT- ST-020: Nane retrieval .";

fail = stg->CGetNanme() !'= "tenp";

cout << (fail ? " [failed]" : " [passed]") << endl;

anyFail |= fail;

cout << " QUT- ST-030: Host retrieval.";

TCQut St or age: : Host Set hosts = stg->Get Hosts();

TQut Storage: : Host Set I terator i (stg->CGetHosts());

fail = *i.Currentltem() != "local";

i.Next();

fail |="'i.lsDone();
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;

nrecl = new TQut Record();
nrecl->SetFiel d("One", 1.0);
nrecl->Set Fi el d(" Two", 2);
nrecl->SetField("Three", "three");

nrec2 = new TQut Record();
nrec2->Set Fi el d("One", "one");
nrec2->Set Fi el d(" Two", 2.0);
nrec2->Set Fi el d("Three", 3);

stg->WiteHeader (*inrecl);
stg->Wite(*inrecl);
stg->Wite(*inrec2);

const long pos = stg->GetOfset();
del ete stg;

hosts. O ear ();

hosts. Add("l ocal ");

stg = new TQut St orage(hosts, "/hone/projects/transins/test/NET", "tenmp");
outrec = new TQut Record();

cout << " QUT- ST- 040: Check for not end-of-file.";
fail = stg->AtEnd();

cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;

cout << " QUT- ST- 050: Header wite/read.";

st g- >ReadHeader (*outrec);
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const TQut Record:: Fiel dMap& inmap = inrecl->Get Map();
const TQut Record:: Fi el dMap& out map = outrec->Get Map();

fail = inmap. Extent() != outmap. Extent();
for (TQutRecord::FieldMaplterator i(inmap); !i.lsDone(); i.Next())
fail |= !outmap.|sBound(*i.Currentlten());
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- ST-060: Record wite/read.";
st g- >Read(*outrec);
fail = outrec->CGetMap() != inrecl->CGetMap();
st g- >Read(*outrec);
fail |= outrec->CGetMap() != inrec2->CGetMap();
cout << (fail 2?2 " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- ST-070: Get offset."”;
fail = stg->CGetOfset() != pos;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- ST-080: Seek to begin.";
st g- >Seek( TQut St or age: : kBegi n) ;
fail = stg->GetOfset() !'= 0;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QOUT- ST-090: Seek to end.";
st g- >Seek( TQut St or age: : kEnd) ;
fail = stg->CGetOfset() != pos;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- ST-100: Check for end-of-file.";
st g- >Read(*outrec);
fail = !stg->AtEnd();
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " OUT- ST-110: Seek to mddle.";
st g- >Seek(pos / 2);
fail = stg->CGetOfset() !'= pos / 2;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
cout << " QUT- ST-120: Invalid host.";
try {
stg->CGet O fset("not a host");
fail = TRUE
} catch(const TQut StorageFail ure& exception) {
fail = FALSE;
cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;

del ete inrecl;
del ete inrec2;
del ete outrec;
delete stg;

cout << (anyFail ? " Foor No f") << "ailures occurred." << endl;
return !anyFail;

TestTextWriter.C

Proj ect: TRANSI M5

Subsystem Sinmul ati on Qut put
$RCSfile: TestTextWiter.C v $
$Revision: 0.6 $

$Date: 1996/06/19 17:42:32 $
$State: Stab $

$Aut hor: bwb $
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/1 US. Governnent Copyright 1995
/1 Al rights reserved

/1l Include Standard C++ header files.
#i ncl ude <i ostream h>

/'l Include TRANSI M5 header files.
#i ncl ude <QUT/ Text Witer. h>

/1l Test text witer class.
bool TestTextWiter()

cout << " Text Witer dass Tests"
<< " [$Revision: 0.6 $]"
<< endl;

bool anyFail = FALSE;
bool fail;

ifstreant in;

TQut Text Witer* witer;

TQut Record record;

TQut Text Witer::FieldCollection fields;
char 1ine[1000];

witer = new TQut Text Witer("/hone/projects/transins/test/NET/test",

TRUE) ;

fields. Append("One");
fields. Append(" Two");
fields. Append(" Three");

record. Set Fi el d("One", 1);

record. Set Fi el d(" Two", 2.0);
record. SetFiel d("Three", "three");
witer->Wite(record, fields);

record. Set Fi el d("One", "one");
record. Set Fi el d(" Two", 2);
record. Set Fi el d("Three", 3.0);
witer->Wite(record, fields);
delete witer;

in = newifstream("/hone/projects/transins/test/NET/test");

cout << " QUT- TW 010: Header witing.";

i n->getline(line, 1000);

fail = strcnp(line, "One, Two, Three") != 0;

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;

cout << " QUT-TW 020: Data witing.";

i n->getline(line, 1000);

fail = strcnp(line, ",2.000000,three") != 0;

i n->getline(line, 1000);

fail = strcnp(line, "one,2,3.000000") != 0;

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;

delete in;

witer = new TQut Text Witer("/home/projects/transins/test/NET/test");

witer->Wite(record);
delete witer;

in = newifstream("/hone/projects/transins/test/NET/test");

cout << " QUT- TW030: Default delimter.";

i n->getline(line, 1000);

fail = strcnp(line, "3.000000\t2\tone") != 0;

cout << (fail ? " [failed]" : " [passed]") << endl;
anyFail |= fail;
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delete in;

cout << (anyFail ? " F"

return !anyFail;

TestSpecification.import

Sanpl e Qutput Specification Table

This is a sanple output specification table.

OUTSPECSAMP1

Qu

t put Specification

CREATE TABLE QUTSPECSAMPL (

)

"Evol ution’,

Sanpl e Qut put Node Specification Table

This is a sanple output node specification table.
OUTNCDESPECSAMP1

Qut put Node Specification

PROCESSCR VARCHAR( 50) ,
ROOT VARCHAR(50) ,
NAME VARCHAR( 50),
TI MEM N NUVBER( 10) ,
TI MEMAX NUMBER( 10),
TI MESTP NUMBER( 10) ,
TI MESMP NUVBER( 10)
BOXLEN FLOAT,

ABSCl SSAM N FLOAT,
ABSC| SSAMAX FLOAT,
ORDI NATEM N FLOAT,
ORDI NATEMAX FLOAT,
PRI MARY KEY (NAME)

Pi?OCESSCR ROOT, NAME, TIMEM N, TIMEMAX, TIMESTP, TIMESMP, BOXLEN, ABSCI SSAM N,
ABSCl SSAMAX, ORDI NATEM N, ORDI NATEMAX
"/ hone/ proj ects/transi ns/test/NET" ,’ sanpl e’, 60, 120, 5, 10, 150, 1, 1000, 2, 2000

CREATE TABLE OUTNCDESPECSAMP1 (

)

NAMVE VARCHAR(50) ,
NODE NUMBER( 10) |,
PRI MARY KEY ( NAVE, NODE)

NAME, NODE

's
'S

Sanpl e Qut put

Th

ample’, 1
ample’, 2

QOUTLI NKSPECSAMP1
Qut put Link Specification
CREATE TABLE OUTLI NKSPECSAMPL (

NAMVE VARCHAR(50) ,
LI NK NUMBER( 10),
PRI MARY KEY (NAME, LI NK)

)
NAMVE, LI NK

'S
s

X.

anmpl e’ , 11
anpl e’ , 12

Li nk Specification Table
is is a sanmple output link specification table.

APPENDIX: Source Creation Utility

No f") << "ailures occurred." << endl;

This appendix contains the complete C++ source code for the simulation output

subsystem data source creation utility.

A.

~ e~ — e~~~
~—— — e~~~ —

CreateSources.C
Proj ect: TRANSI M5

Subsystem Sinul ati on Qut put
$RCSfile: CreateSources.C, v $

$Revision: 1.5 $

$Dat e: 1996/ 06/19 17:05:42 $

$State: Exp $
$Aut hor: bwb $
U. S. Governnent Copyri ght
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/1 Al rights reserved

/1 1Include Standard C++ header files.
#i ncl ude <i ostream h>

/1 Include TRANSI M5 header files.
#i ncl ude <GBL/ d obal s. h>

#i ncl ude <DBS/ Directory. h>

#i ncl ude <DBS/ Excepti on. h>

/1 Main program
int main(int, char*[])

{
try {
TDbDirectory directory(TDbDirectoryDescription("IOC1"));
if (!directory. HasSource("Qutput Specification"))
di rectory. Creat eSour ce( TDbSour ceDescri ption("Qut put Specification”,
"This data source contains sinulation output
"specifications."));
if (!directory. HasSource("Qutput Node Specification"))
di rectory. Creat eSour ce( TDbSour ceDescri pti on(" Qut put Node "
"Specification", "This data source contains sinulation"
"out put node specifications."));
if (!directory. HasSource("Qutput Link Specification"))
directory. Creat eSour ce( TDbSour ceDescri pti on("Qut put Link "
"Specification", "This data source contains simulation "
"output link specifications."));
} catch(const TDbExcepti on& dbException) {
cerr << "Database exception: " << dbException. Get Message() << endl;
} catch(...) {
cerr << "Unknown exception." << endl;
}
return O;
}

XI.  APPENDIX: Storage Dump Utility

This appendix contains the complete C++ source code for the simulation output
subsystem storage dump utility.

A. DumpStorage.C

/1 Project: TRANSI M5

/1 Subsystem Sinulation Qutput
$RCSfile: DunpStorage.C v $
$Revision: 0.1 $

$Date: 1996/06/19 17:10:24 $
$State: Stab $

$Author: bwo $

U. S. Governnent Copyright 1995
Al rights reserved

~————
~——— e~ —

/1 Include Standard C++ header files.
#i ncl ude <i ostream h>

/1 Include TRANSI M5 header files.
#i ncl ude <QUT/ Record. h>
#i ncl ude <QUT/ St or age. h>
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#i ncl ude <QUT/ Text Witer. h>

/1 Main program
int main(int argc, char* argv[])

{
/1 Check argunents.
if (argc < 4) {
cerr << "Usage: DunpStorage outnanme root name hosts..." << endl;
return -1;
}
/!l Create the output file.
TQut Text Witer witer(argv[1l], "\t", TRUE);
/1 Make the host list.
TCQut St or age: : Host Set host s(HashVal ue) ;
for (int h =4; h < argc; ++h)
hosts. Add(argv[h]);
/1 Open the storage.
TCQut St orage storage(hosts, argv[2], argv[3], TCutStorage::kRead);
/1 Setup input.
TCQut Record record;
TQut St orage: : Host Set I terator i (storage. Get Hosts());
for (i.Reset(); !i.lsDone(); i.Next())
const string& host = *i.Currentltem();
st or age. Seek(host, TOQut St orage: : kBegi n);
st or age. ReadHeader (host, record);
}
/1 Setup output.
TQutWiter::FieldCollection fields;
for (TQutRecord::FieldMvaplterator f = record.Getlterator(); !f.IsDone();
f. Next())
fields. Append(*f.Currentlten());
/1 Transfer data.
for (i.Reset(); !'i.lsDone(); i.Next()) {
const TQut St or age: : Host Handl e host =
st orage. Get Host Handl e(*i . Currentltem());
for (storage. Read(host, record); !storage. At End(host);
st orage. Read( host, record))
witer.Wite(record, fields);
}
return O;
}
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